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PRESENT STATUS OF HEAT-PROCESSING DAMAGE TO PROTEIN FOODS 


It has been known for many years that 
heat processing can impair the nutritive 
value of proteins (E. V. McCollum and M. 
Davis, J. Biol. Chem. 23, 247 (1915)). In 
such cases, the evidence indicates, lysine de- 
ficiency is the first limiting factor (Nudérition 
Reviews 5, 83 (1947)). It has been reported 
that none of the lysine undergoes actual de- 
struction, but that upon acid hydrolysis all 
of the lysine can be recovered (R. J. Block, 
D. B. Jones, and C. E. F. Gersdorff, /. Biol. 
Chem. 105, 667 (1934)). Likewise, as meas- 
ured by microbiologic assay, acid hydroly- 
sates of heat-damaged proteins have been 
reported to show no diminution in micro- 
biologie activity as compared with acid hy- 
drolysates from the ‘‘unheated”’ proteins (M. 
Pader, D. Melnick, and B. L. Oser, Jbid. 
172, 763 (1948)). 

The latter authors found, on the other 
hand, that zn vtro enzyme digestion pro- 
duced hydrolysates with markedly reduced 
microbiologic activity following heat treat- 
ment. In light of the above evidence, it has 
been postulated that the heat processing of 
proteins produces a new lysine linkage which 
is either not digestible by enzymes or is so 
slowly digested that part of the lysine enters 
the blood stream too late to participate with 
the rest of the assimilated amino acids in 
tissue formation. This linkage is said to be 
a condensation between the free epsilon- 
amino group of the lysine residues and the 
free carboxyl groups of aspartie or glutamic 
acid residues (N. R. Eldred and G. Rodney, 
J. Biol. Chem. 162, 261 (1946)). 

If such a linkage is formed due to heat 
processing, it must still be proved that the 
resulting lysine derivative is resistant to en- 
zyme attack. A. Neuberger and F. Sanger 
(Biochem. J. 37, 515 (1943); 38, 119 (1944)) 
found that compounds derived from lysine 
by modification of the epsilon-amino group 


in this way could replace lysine in the diet, 
being about as effective for growth in rats 
as natural lysine itself. 

Due to the work cited above, it is now 
apparently generally accepted that the de 
crease in nutritive value observed in heat- 
damaged proteins is due primarily to 
increased enzyme resistance, and that the 
destruction of lysine may be disregarded as 
insignificant. However, one should not has- 
ten to conclude with the present state of 
knowledge that this is true in all cases. A. 
R. Patton and KE. G. Hill (Science 105, 48/ 
(1947); 107, 68 (1948)) found that the non- 
enzymatic-browning reaction (L. C. Maillard, 
Compt. rend. 164, 66 (1912)) caused signifi- 
cant decrease in nutritive value as measured 
by microbiologic assay. The evidence indi 
cated that this was due to interaction ot 
free-amino acids and amino vitamins (b- 
complex) with reducing sugar. 

The occurrence of nonenzymatic browning 
is widespread, especially during heat proc- 
essing of concentrated liquid foods, and 
during storage. To study the effect of this 
reaction on nutritive value of protein, A. R. 
Patton, E. G. Hill, and k. M. Foreman 
(Science 107, 623 (1948); 108, 659 (1948)) 
heated purified casein, and soy globulin, in 
5 per cent glucose solution for twenty-four 
hours at 96.5°C. They found significant 
losses of lysine, arginine, tryptophan, and 
histidine. In the case of soy globulin these 
losses were 27.4, 22.7, 15.3, and 14.6 per cent, 
respectively. 

Since the losses were measured by micro- 
biologic assay following acid or alkaline hy- 
drolysis of the heat-treated proteins (freed 
from glucose), they were by definition due 
to actual amino acid destruction. Patton pos- 
tulated that these particular amino acid resi- 


dues in the protein molecule are especially 


subject to destruction because they contain 
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reactive nitrogenous moicties uncombined in 
peptide linkages. These are the epsilon- 
amino, guanidyl, indole, and imidazole radi- 
cals. This hypothesis has recently been 
verified on a chemical basis by the studies of 
A. Mohammad, H. Fraenkel-Conrat, and H. 
S. Oleott (Arch. Biochem. 24, 157 (1949)). 

These findings of Patton et al. regarding 
the significance of true destruction of amino 
acids in protein foods have been repeatedly 
corroborated. W. H. Riesen, D. R. Clandinin, 
C. A. Elvehjem, and W. W. Cravens (/. Biol. 
Chem. 167, 143 (1947)) found that only 48 
per cent of the lysine was available to Leu- 
conostoc mesenteroides P-6O after acid hydrol- 
vsis of soybean oil meal which had been 
autoclaved four hours at 15 pounds pressure. 
RK. J. Evans and J. McGinnis (unpublished 
data, cited by J. M. Stevens and McGinnis, 
Iiid. 171, 431 (1947)), after autoclaving soy- 
bean oil meal one hour at 130°C. found that 
only 70 per cent of the lysine was available 
on acid hydrolysis for growth of Streptococcus 


faecalis R. Evans and H. A. Butts (bid. 


175, /5 (1948)) observed that when soybean 
oil meal was autoclaved at 121°C. for four 
hours, 43 per cent of the lysine was de- 
stroved. On the basis of further experimen- 
tation they concluded that the lysine 
destruction was due to interaction with the 
sugar naturally present in the soybeans. 
They concluded that true destruction of 
lysine occurs when carbohydrate is present, 
but that in the absence of carbohydrate the 
principal result of heat processing is probably 
to convert the lvsine into a form which is 
not made biologically active by enzyme di- 
gestion in vitro but is activated by acid hy- 
drolysis. In either type of inactivation they 
found moist heat to be more harmful than 
drv heat. 

I. J. Mader, L. J. Schroeder, and A. H. 
Smith (J. Nutrition 39, 341 (1949)) made an 
extensive study of nitrogen balance in dogs 
fed heated and unheatéd lactalbumin. Their 
work supports the hypothesis of Patton et al. 
that “reaction between reducing sugars and 
protein may be responsible for the decreased 
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nutritive value of heated proteins.”? They 
found that their lactalbumin gave a positive 
Molisch test. It is pertinent to point out 
here that this has long been used as a test 
for proteins, indicating the extent to which 
so-called pure proteins contain a carbohy- 
drate fraction. These authors found that by 
repeated extraction with water they could 
obtain a product which did not give a 
Molisch test. The heated extracted lactal- 
bumin differed markedly from the heated 
unextracted lactalbumin in its ability to 
maintain nitrogen balance in the adult dog. 
Whereas autoclaving the unextracted prod- 
uct for thirty minutes produced a material 
which was unable to support nitrogen equi- 
librium, the same treatment of extracted 
lactalbumin caused no apparent change as 
regards nitrogen availability. 

Mader et al. concluded that ‘‘an interac- 
tion of a protein molecule and a reducing 
sugar can account for much of the damage 
which occurs when commercial lactalbumin 
is heated. This reaction is particularly notice- 
able at relatively low temperatures and with 
comparatively short periods of heating. As 
the duration of heating is prolonged or the 
temperature increased, other reactions ob- 
scure this phenomenon.”’ 

There is little doubt that many workers 
have failed to measure the actual extent to 
which true amino acid destruction has taken 
place in heat-processed protein foods, due to 
an error in technic resulting from a faulty 
assumption. This assumption is that total 
lysine is the lysine content of the unheated 
material determined after acid hydrolysis. 
All of the so-called ‘‘unheated”’ samples used 
as positive controls have in fact undergone 
prolonged heat treatment during acid hy- 
drolysis. When acid hydrolysis is applied to 
natural foods and feeds containing carbo- 
hydrates and other constituents as well as 


proteins, amino acid destruction occurs 
during hydrolysis. The necessity for isolating 
the protein before hydrolysis for this reason 
was pointed out long ago by H. 8. Grindley 
and M. E. Slater (J. Am. Chem. Soc. 37, 
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2762 (1915)). The whole subject was de- 
scribed in detail by M. L. Roxas (/. Biol. 
Chem. 27, 71 (1916)). 

A typical example of what happens when 
this precaution is not observed may be cited 
from the work of Patton et al. (unpublished 
data (1948)). When soy globulin was refluxed 
twenty-four hours in 5 per cent glucose so- 
lution and the glucose completely removed 
by dialysis before acid hydrolysis, the de- 
struction of lysine due to heating the protein 
in the presence of glucose, as found by micro- 
biologic assay, amounted to 27.4 per cent. 
However, when the glucose was left in the 
sample during hydrolysis, microbiologic as- 
say of the resulting hydrolysate showed that 
71.7 percent of the lysine had been destroyed. 
This indicated that 44.3 per cent of the lysine 
was destroyed, not by heat-processing the 
protein, but by hydrolyzing the protein in 
the presence of glucose. It is hardly necessary 
to point out that analogous situations arise 
when many food mixtures are hydrolyzed. 

Along with many others, K. A. Kuiken 
and C. M. Lyman (./. Biol. Chem. 177, 29 
(1949)) seem to ignore this fact when they 
state: ‘““Microbiological methods of amino 
acid analysis are particularly useful to the 
nutritionist, because they can be applied di- 
rectly to the analysis of complex foodstuffs. 
Since it is not necessary to isolate specific 
protein fractions....” So long as present 
methods of acid or alkaline hydrolysis are 
applied to complex food mixtures in this 


? 


manner, the results obtained will be open to 
question because of the fallacious assumption 
that no amino acid destruction has taken 
place during the hydrolysis which precedes 
microbiologic assay, and hence that the 
amino acid values obtained for the ‘‘un- 
heated” control samples are accurate. In the 
author’s experience the net result is a tend- 
ency to mask, or at least minimize, the actual 
extent to which amino acid destruction has 
occurred during heat processing. 
Furthermore, when microbiologic assay is 
used, the “unheated’’ control samples un- 
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dergo additional heating during. steriliza- 
tion preceding inoculation, this time in the 
presence of glucose added to the medium. 
Once again, the amino acid destruction 
which occurs tends to mask true heat-proc- 
essing losses. In all the work reported by 
Patton et al. (loc. cit.) a modified micro- 
biologic procedure was used to eliminate this 
source of error. 

In the course of an investigation on bio- 
logic methods for evaluating the nutritive 
quality of protein hydrolysates, L. Friedman 
and O. L. Kline (./. Nutrition 40, 295 (1950 
observed very little destruction of amino 
acids as determined by standard microbio- 
logic assay procedures following heat treat- 
ment of a protein hydrolysate to which 
glucose had been added. This was in accord 
with the experience of others cited above, 
probably due at least in part to the errors in 
technic of microbiologic assay just described. 
That the microbiologic assay did not present 
a true picture of the amino acid destruction 
which had occurred became apparent when 
the same samples were assayed using rats. 
Rat assay indicated that marked deteriora- 
tion in nutritive value had occurred due to 
heat processing of the protein hydrolysate in 
the presence of glucose, ranging with dif- 
ferent treatments from 18 to 100 per cent. 
The nutritive value of these samples could 
be restored by supplementation with good 
quality protein or with amino acids, showing 
that the deterioration was due to amino acid 
destruction and not due to formation of toxic 
products. Since relatively small changes in 
amino acid composition, as measured by 
microbiologic assay, were associated with im- 
portant changes in nutritive value for the 
rat, they questioned the applicability of 
microbiologic assay in assessing the nutritive 
value of heat-treated protein materials. They 
concluded that the importance of the amino 
acid-sugar reaction with respect to its influ- 
ence on the nutritive quality of food proteins 
has not been fully appreciated. 

There seems to be little question that 
under certain conditions (such as dry heat 
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and absence of carbohydrates) the changes 
in susceptibility of protein to enzymic di- 
gestion, as elucidated by D. Melnick and 
others, will prove to be of primary impor- 
tance in heat-processing damage to proteins. 
In other cases (such as moist heat and the 
presence of reducing substances) true amino 
acid destruction may assume significance. As 
stated by Melnick (personal communication) 
“future investigation of heat-processed liq- 
uid products, such as evaporated milk, held 
for extended periods prior to consumption 
may reveal that in such cases actual de- 
struction of the essential amino acids is of 
practical importance.”’ Relative to this point, 
Patton (unpublished data (1948)) has found 
significant destruction of lysine in canned 
condensed milk prepared as ‘‘Magic Caramel 
Pudding” according to a recipe published by 
the Borden Company (can immersed three 
hours in water at 95°C.). A similar, but 
milder condition of treatment is found in the 
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widely-practiced ‘‘terminal sterilization’”’ of 
infant formulas, in which milk is heat-steri- 
lized after glucose has been added. 

In conclusion, there is no doubt that the 
effect of heat processing on the nutritive 
value of proteins in foods is a matter of 
importance. ‘To simplify a complex problem, 
research workers have chosen to apply dras- 
tic treatments to rather artificial systems. 
The results obtained should be considered 
only as indications of what might occur 
under practical food-processing conditions. 
The evidence reviewed above should be a 
challenge to investigators to pursue the sub- 
ject further, with ultimate improvement of 
the nutritive value of heat-processed protein 
foods as a goal. 

A. R. Parron 

Chemistry Department 

Colorado A & M College Agricultural 
Experiment Station 

Fort Collins, Colorado 


A GOITROGENIC AGENT IN FOOD 


Iodine deficiency causes simple goiter in 
man. Use of iodized salt has been accom- 
panied by a decline in incidence of goiter 
(Nutrition Reviews 8, 129 (1950)). Neverthe- 
less, it is not uncommon for clinicians to find 
patients with simple goiter who have had 
aun apparently normal dietary intake of 
iodine, thus raising the possibility that fac- 
tors other than simple iodine-lack may be 
concerned in production of goiter in some 
instances. One possibility which has been 
advanced is that certain foods may contain 
«a substance which interferes with thyroid 
function. This idea received considerable im- 
petus from the reports of A. M. Chesney, 
T. A. Clawson, and B. Webster (Bull. Johns 
Hopkins Hosp. 48, 261, 278, 291 (1928); 
Webster and Chesney, Am. J. Path. 6, 275 
(1930)) indicating that cabbage contained 
something which produced large thyroid 
glands in rabbits. Since then, a number of 
investigators have discovered goitrogenic 


properties in cauliflower, Brussels sprouts, 
rape, mustard, and cabbage seeds, turnips, 
rutabaga, and other foods, most of them 
members of the Brassicae family. Several 
chemicals such as methyl cyanide, thiocy- 
anate, certain thiourea compounds, sulfa- 
guanidine, and sulfanilamide have been 
found to be goitrogenic in certain species. 
However, no one had been able to isolate a 
substance from common foods which was 
goitrogenic when injected into animals. No 
clear proof was advanced that goiter in man 
was ever caused by consumption of foods 
such as those shown to cause goiter in 
animals. 

M. A. Greer, M. G. Ettlinger, and E. B. 
Astwood (J. Clin. Endocrinol. 9, 1069 
(1949)) have published a report: which in- 
cludes several developments in this field that 
are of interest. These investigators were able 
to assess the antithyroid effect of various 
foods in man by determining whether a se- 
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lected food would inhibit the uptake of radio- 
iodine by the thyroid gland. Rutabaga (yel- 
low turnip) was found to have the strongest 
and most consistent effect of sixty-one foods 
tested (Greer and Astwood, Endocrinology 
43, 105 (1948)). They then attempted to 
isolate the active principle from rutabaga. 
(sing repeated water-ether extractions of 
ground rutabaga they finally obtained a yel- 
low oil which exhibited a peak in the ultra- 
violet absorption spectrum at 240 my and 
which reacted chemically like a thiocar- 
bamide compound. Eventually an odorless, 
colorless crystalline compound was obtained 
which melted at 50°C., was optically levo- 
rotatory, and weakly acidic. This compound 
was shown to be 1-5-vinyl-2-thiooxazolidone 
(Astwood, Greer, and Ettlinger, Science 109, 
631 (1949); J. Biol. Chem. 181, 121 (1949)) 
and has been synthesized. This chemical 
produced definite inhibition of radioiodine 
uptake by the thyroid gland of both rat and 
man, being one-fifth as active as thiouracil 
in the rat and slightly more active than 
propylthiouracil in man. The racemic and 
optically-active forms were equally active. 

Thiooxazolidone has now been 
from the seeds of rutabaga, white turnip, 
cabbage, kale, and rape. A spectroscopically- 
similar substance was detected in the seeds 
of Chinese cabbage, Brussels sprouts, broc- 
coli, and kohlrabi although none of the com- 
pound was found in cauliflower or mustard 
seeds. By comparing the amount of the com- 
pound isolated from the various seeds with 
their antithyroid activity when assayed 
whole, this substance seemed to be the pre- 
dominant if not the only goitrogen they 
contained. 

Although these discoveries certainly con- 
stitute a signal advance in knowledge of anti- 
thyroid substances, they do not yet resolve 
the practical question as to whether simple 
goiter is produced in man by diets containing 
such foods. It is to be noted that, although 
the seeds of most of the Brassicae tested 


isolated 


contained thiooxazolidone in rather large 
amounts, these seeds do not constitute a 
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significant portion of the human diet. The 
edible portions of none of these except ruta- 
baga and white turnip yielded a detectable 
quantity of the compound. Several varieties 
of cabbage head were assayed with negative 
results. On the other hand, it should be re- 
membered that the results of these investi- 
gators in estimating the goitrogenic activity 
of foods were based on a method depending 
on the inhibition of uptake of radioiodine by 
the thyroid. It has been shown in animals 
that the uptake of radioiodine may be nor- 
mal or supernormal and yet the synthesis of 
thyroxine may be inhibited, indicating that 
the goitrogenic capacity of some substances 
is not entirely due to their inhibition of 
iodine uptake (Nutrition Reviews 6, 330 
(1948)). Thus it is possible that these investi- 
gators may not have detected all of the 
goitrogenic potential of food. 

Thiooxazolidone does not occur free in an 
active form in these plants. Heating or boil- 
ing the intact plant tissue destroys its goitro- 
genic activity, apparently by inactivating 
an enzyme which is necessary to liberate the 
active agent. The human body seems to 
contain no enzyme which can substitute for 
the one naturally present in the vegetable. 
Gastric contents do not inactivate this en- 
zyme. 

Insufficient data are at hand to attempt to 
calculate whether rutabaga and white turnip 
contain enough thiooxazolidone to produce 
definite thyroid effects when consumed in the 
quantities usually ingested by man. Thioox- 
azolidone was isolated in vields of 0.12 to 1.0 
g. per kilogram of turnips. While admittedly 
this does not necessarily reflect the actual 
amount present in the starting material, it 
might be noted that single doses of 0.1 and 
0.2 g. of the pure material were used to 
produce definite and marked inhibition of 
radioiodine uptake in human assays. 

It is clear that the vast majority of pa- 
tients with simple goiter give no history of an 
unusually high intake of potentially goitro- 
genic foods. The many vegetarians in this 
country who consume large amounts of raw 
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vegetables do not seem to have an unusual 
incidence of goiter. The authors cite a num- 
ber of reports that describe changes in the 
incidence of goiter as certain groups of people 
were forced to eat diets high in cabbage and 
similar vegetables. These reports are diffi- 
cult to interpret and are not unanimous in 
their conclusions. Instances are known where 
the consumption of diets high in Brassicae 
vegetables was accompanied by an unusual 
incidence of goiter, and conversely, instances 
are known where such a change did not oc- 
cur. The results in individual groups might 
well depend on «a number of factors. The 
amount of dietary iodine might play an 
important role since iodides do have some 
effect in inhibiting antithyroid agents. In 


NUTRITION REVIEWS 





[July 


addition there may be, and there is evidence 
to indicate, that foods contain goitrogenic 
agents other than thiooxazolidone. Differeni 
species of vegetables grown in different loca 
tions may contain variable amounts of goi- 
trogens. 

The work of Greer, Ettlinger, and Ast- 
wood is unusually important since they have 
proved that certain foods do contain a sub- 
stance which may be goitrogenic under cer- 
tain circumstances and which must be given 
some consideration in the etiology of simple 
goiter in man. However, it is evident that 
further work must be done before firm con- 
clusions can be reached as to the practical 
role of these goitrogenic agents in human 
nutrition. With the methods now available 
such information should be forthcoming. 


SYNTHESIS OF RHODOPSIN 


Abnormalities of certain tissues and glands 
around the eyes, and early changes in the 
cornea have long been accepted as char- 
acteristic signs of lack of vitamin A. How- 
ever, functional changes in the eye also re- 
sult from such a nutritional deficiency. 
Fridericia and EK. Holm (Am. J. 
Physiol. 73, 63 (1925)) showed that under 
nutritive conditions providing insufficient 
vitamin A, regeneration of visual purple in 
the retina after bleaching was markedly 
retarded. Using calves’ eyes, the vitamin A 
potency of retinal tissue as demonstrated by 
feeding experiments was shown (Holm, Acta 
ophthal. 7, 146 (1929)), and the retina of 
pig’s eyes was said to be one of the richest 
known sources of this food factor (A. M. 
Yudkin, M. Kriss, and A. H. Smith, Am. J. 
Physiol. 97, G11 (1931)). 

Since the classic work of W. Kiihne (in 


L. S. 


L. Hermann’s Handbuch der Physiologie 
(Leipzig) 3, 235 (1879)) on the chemical 
processes in the retina, it has been known 
that when visual purple from the rods of the 
retina is bleached by light, a yellow sub- 


stance first develops and later a colorless 
material is formed. G. Wald (J. Gen. Phy- 
siol. 19, 351 (1935); Science 82 (Suppl. 2136), 
11 (1935)) harmonized the various observa- 
tions when he discovered that a carotenoid 
which he called retinene, is formed from 
visual purple by light, and in dark adapta- 
tion is regenerated to the normal retina! 
pigment. However, in severely bleached pig- 
ment, retinene gives way to colorless prod- 
ucts among which vitamin A is prominent. 
Rhodopsin or visual purple is a compound 
protein; exposure to light dissociates the 
protein from the prosthetic group which ap- 
pears either as retinene or vitamin A depend- 
ing on the extent of bleaching. 

In recent contributions (G. Wald and R. 
Hubbard, Proc. Nat. Acad. Sci. 36, 92 
(1950); Wald and P. K. Brown, [bid. 36, 8; 
(1950)) further studies are reported which 
permit a closer approach to the details of the 
chemical changes occurring during the visual! 
cycle. When a solution of rhodopsin is 
bleached, an initial orange-red substance 
(lumi-rhodopsin) is formed, then meta-rho- 
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dopsin, and if bleaching is allowed to pro- 
ceed beyond these initial stages, retinene 
and protein appear. Inasmuch as regenera- 
tion of rhodopsin can occur in inverse pro- 
portion to the degree of bleaching, it is de- 
sirable to examine the conditions influencing 
the reactions. 

Part of the retinene developed by bleach- 
ing rhodopsin is ordinarily lost for resyn- 
thesis and may account for the incomplete- 
ness of regeneration of the rhodopsin when 
conditions are favorable. To test this view, 
rhodopsin was bleached in the presence of 
relatively high concentrations of “synthetic” 
retinene (produced by the chromatographic 
oxidation of pure vitamin A on columns of 
solid manganese dioxide) ; regeneration of 70 
per cent of the rhodopsin was observed under 
these conditions. The investigators then 
showed that at least part of this effect was 
probably due to formation of new rhodop- 
sin, by actually synthesizing new rhodopsin 
from “synthetic”? retinene and rhodopsin- 
protein. The newly formed visual purple was 
demonstrated by its characteristic maximum 
extinction at 500 my and by the typical 
bleaching to retinene. It is concluded that 
the reformation of rhodopsin requires only 
retinene and rhodopsin-protein and that the 
reaction is exergonic. Although in these ex- 
perimental models, vitamin A was oxidized 
to retinene by manganese dioxide, it has 
Wald, Sczence 109, 482 


1949)) that in vivo, an enzyme, retinene re- 


been shown (G. 
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ductase, acting with DPN as coenzyme, 
brings about this change. 

With the quantities of reactants ordinarily 
present in the tissue, the efficiency as meas- 
ured by completeness of reformation of rho- 
dopsin, is not nearly as great in isolated 
retinas as it is tm vivo. Kiihne (loc. cit.) be- 
lieved that the cooperation of intact pigment 
epithelial cells was needed. The Harvard 
workers have shown that isolated retinas, 
retinal homogenates, and aqueous extracts 
of the retina can all form rhodopsin from 
vitamin A when suitable supplements are 
added to the system. It appears that the 
limiting reaction is the oxidation of vitamin 
(alcohol) to retinene (vitamin A aldehyde) 
due to the equilibrium in the reaction; only 
small (10 per cent) yields of rhodopsin are 
obtained under these conditions. When the 
retinal homogenate is supplemented with 
either pigment-layer homogenate or with 
DPN, the yield increases to 20 per cent and 
with both supplements, to 40 per cent of the 
theoretic value. 

Thus, it appears that the phenomenon of 
regeneration of visual purple can take place 
by the enzymatic oxidation of vitamin A to 
retinene and through the subsequent com- 
binations of retinene with rhodopsin-pro- 
tein. However, the limited resynthesis of 
rhodopsin observed when the isolated retina 
was used, indicates that other factors play a 
part in this series of biochemical trans- 
formations. 


THIAMINE DEFICIENCY, PYRUVATE METABOLISM, AND ACID SECRETION 
IN STOMACHS OF MICE IN VITRO 


The mechanism involved in secretion of 
hvdrochlorie acid in the stomach is an in- 
triguing problem. Of particular interest is the 
possible source of the hydrogen ion secreted 
in the parietal cells. Some have suggested 
li. B. Bull and J. 8. Gray, Gastroenterology 
4, 175 (1945); E. J. Conway and T. Brady, 
Nature 169, 137 (1947)) that pyruvie acid is 
either the source of the hydrogen ion or that 


metabolism of pyruvic acid is closely asso- 
ciated with the acid-secreting mechanism. 
Critical experiments with which to test these 
hypotheses have not been performed. 
Pyruvate is formed by the stomach; about 
half the amount is reduced to lactate and the 
remainder is oxidized by unknown routes 
(H. W. Davenport, Gastroenterology 9, 293 
(1947)). Since thiamine is essential for oxida- 
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tion of pyruvate in other tissues it seems 
likely that it serves this function in the 
stomach (Nutrition Reviews 3, 291 (1945)). 
It would appear then that a study of metab- 
olism of pyruvate and secretion of acid in an 
animal deficient in thiamine might reveal 
some relation between the two. Rats suffer- 
ing from severe acute deficiencies of thi- 
amine exhibit hypersecretion of gastric juice 
of normal composition and only in extremely 
advanced stages of deficiency is the acidity 
of the juice decreased (Ibid. 4, 293 (1946)). 
Ht. W. Davenport and B. Jones (Gastro- 
enterology 18, 235 (1949)) undertook a study 
of pyruvate metabolism and acid secretion. 
They used mice of the C3H strain; the stom- 
achs were prepared as described previously 
by Davenport and V. Jensen (/bid. 11, 227 
(1948); 12, 630 (1949)) and a detailed de- 
scription is given of the methods used in 
studying the excised stomachs of the mice. 
Thiamine deficiency was produced by in- 
jecting the mice subcutaneously with 0.025 
mg. of neopyrithiamine hydrobromide twice 
daily and feeding them a diet adequate in 
all other respects. The deficiency appeared 
suddenly on about the sixth day. Groups of 
control mice were fasted so that their loss of 
weight equaled that of the deficient mice. 
Results showed that fasting reduced the 
dry weight of the stomach by 20 per cent 
and the rate of secretion of acid by 10 per 
cent. Little pyruvate accumulated in the 
internal fluid of the stomachs from control 
or fasting mice. The stomachs from all classes 
of deficient mice 


secreted less acid than 
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stomachs from either control group. The 
difference, however, between the acid se- 
creted by the stomach in mildly deficient 
and severely deficient mice was small. ‘The 
stomachs of the deficient mice used slightly 
less pyruvate than those of the control mice. 

The authors noted poor correlation be- 
tween external and biochemical signs of thi- 
amine deficiency. They considered that the 
total amount of pyruvate accumulated could 
be considered as a measure of the metabolic 
lesion produced by thiamine deficiency. 
When the mice were classified according to 
the amount of pyruvate accumulated, how- 
ever, it was found that there was no relation 
between this variable and either the degree 
of deficiency, judged by objective signs, or 
the amount of acid secreted. 

These data indicate that thiamine deti- 
ciency interferes with metabolism of pyru- 
vate in the stomach and that it certainly 
reduces the ability of the stomach to secrete 
inorganic acid. However, these data do not 
prove that some stage in the metabolism of 
pyruvate is an essential part of the acid- 
secreting mechanism. Certainly, if pyruvate 
metabolism were indispensable for secretion 
of acid there should be a close parallelism 
between the degree of deficiency and the 
amount of acid secreted. Here the correlation 
was very poor and mild deficiencies reduced 
secretion of acid almost as much as did the 
most severe deficiencies. The authors con- 
clude that there is no direct relation between 
pyruvate metabolism and inorganic acid se- 
cretion in the stomach of the mouse. 


ALBUMIN ADMINISTRATION TO PREMATURE INFANTS 


The development of normal human serum 
albumin prepared for intravenous use has 
furnished a method for studying albumin 
metabolism in normal individuals and in- 
vestigating the effects of artificially raising 
the low-serum albumin found in a number 
of diseases and conditions. Albumin may be 
administered intravenously for its osmotic 


properties orin the hope that it will serve as 
an intravenous protein nutrient. With re- 
gard to the latter, it has been shown that 
albumin may be a satisfactory protein nu- 
trient when given intravenously but it is 
only relatively slowly available compared 
with amino acids and other protein hy- 
drolysates (Nutrition Reviews 6, 152 (1948)). 
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C. A. Smith, K. G. Phillips, and R. O. 
Roth (J. Clin. Invest. 29, 218 (1950)) have 
studied the effect and fate of intravenously 
administered normal human serum albumin 
in premature infants and have compared 
their results with oral administration in the 
same state. A careful study is presented of 
71 premature infants of whom 26 were given 
albumin intravenously, 18 albumin orally, 
and 27 no albumin at all; the latter group 
thus served as controls. The albumin was 
administered intravenously twice weekly in 
doses from 1.1 to 1.6 g. per kilogram of body 
weight. Although there was considerable 
scatter, the total serum protein concentra- 
tions were low in almost all, averaging near 
5.5 g. per 100 ml. In 58 instances the serum 
albumin concentration was measured and 
surprisingly enough was not markedly re- 
duced, being close to or just below 4 g. per 
100 ml. This confirmed the work of others 
who have found that the globulin concen- 
tration is relatively lower than the albumin 
in premature infants. 

In the month or two after birth during 
which these infants were studied, the control 
infants who were not given albumin and 
those given albumin orally showed a distinct 
progressive fall in total serum protein con- 
centration. In contrast, the infants given 
albumin intravenously showed a relatively 
constant serum protein concentration during 
this period of time. As might be expected, 
failure of the total serum proteins to fall in 
the infants given albumin intravenously was 
due to a maintenance or increase in serum 
albumin concentration. 

Fourteen of the infants given intravenous 
albumin, 7 of those given oral albumin, and 
15 of the controls were re-examined three 
weeks after discontinuing albumin adminis- 
tration. After this time the infants who had 
been given albumin intravenously sustained 
a fall in total protein and serum albumin 
concentration, while for those given albumin 
by mouth and the controls a rise was ob- 
served. These changes tended to equalize 
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the serum protein concentrations of all the 
groups of infants. Thus, three weeks after 
discontinuing the study, the serum protein 
concentrations were close to the same in all 
of the infants. 

Following intravenous administration of 
albumin there was a prompt (fifteen minute) 
fall in the hematocrit in 11 infants in whom 
this determination was made. Many of these 
infants again had a progressive rise of the 
hematocrit to the previous level although in 
some the rise was very slow or even nil in 
the course of five hours. This presumably 
represents diffusion of part of the albumin 
from the blood stream during this period of 
time. 

A nitrogen balance study in one infant 
given albumin by mouth indicated that the 
nitrogen of the albumin had been retained 
in the same proportion as the nitrogen from 
the food (approximately 50 per cent). Nitro- 
gen balance data on 9 infants given albumin 
intravenously were continued for only five to 
nine days, but indicated that when the diet 
was low in protein a considerable proportion 
of the albumin administered intravenously 
was retained, whereas if the diet were ade- 
quate or high in protein, more of the injected 
albumin was not retained but was excreted 
in the urine presumably as nonprotein nitro- 
gen when it became available in the meta- 
bolic pool of nitrogen in the body. 

The authors note that impaired synthesis 
of protein in premature infants may account 
for the relatively low-plasma protein found. 
They suggest as an alternative hypothesis 
that in premature infants, because of the 
low-blood pressure and hence low-capillary 
hydrostatic pressure, there is a diminished 
requirement for the serum protein (colloid 
osmotic pressure). Whatever the interpreta- 
tion, it is clear that intravenous serum al- 
bumin administration raised the serum al- 
bumin concentration in these infants only 
temporarily. In this way, injection of al- 
bumin in infants is much the same as that 
in adults, either normal or undernourished, 
in whom raising the serum albumin concen- 
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tration in such a way, that is artificially, is 
only a temporary phenomenon. The arti- 
ficially elevated serum albumin concentra- 
tion thus comes back to its previous level 
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in the course of two to three weeks, suggest- 
ing an approximate five-day, 50 per cent 
disappearance time (Nutrition Reviews, loc. 
cit.). 


VITAMIN B; AND THE METABOLISM OF D-AMINO ACIDS 


During the past few years, the intimate 
relation of vitamin Bs to many phases of 
protein and amino acid metabolism has be- 
come evident. This vitamin in the form of 
the coenzyme, pyridoxal phosphate, is an 
essential component of enzymes which carry 
out the decarboxylation of many amino 
acids, and the transamination reaction be- 
tween various pairs of amino and keto acids 
(Nutrition Reviews 5, 98, 295 (1947); 6, 192 
(1948); 7, 57 (1949)). In microorganisms, it 
appears essential for synthesis of many of 
the common amino acids, including trypto- 
phan (Ibid. 5, 98, 319 (1947)), threonine, 
lysine, alanine, arginine, phenylalanine, ty- 
rosine, histidine, and aspartic acid (C. M. 
Lyman and co-workers, J. Biol. Chem. 167, 
177 (1947)). 

Recent investigations have also linked this 
vitamin to reactions involving the so-called 
“unnatural” amino acids of the p-series. 
C. M. Lyman and K. A. Kuiken (Fed. Proc. 
7, 170 (1948)) pointed out that certain lactic 
acid bacteria showed increased ability to 
utilize p- in place of L- amino acids when the 
growth medium was high in vitamin Beg. 
J.T. Holden and FE. E. Snell (J. Biol. Chem. 
178, 799 (1949)) in investigating the mech- 
anism by which p-alanine rendered vitamin 
Bs nonessential for certain lactic acid bac- 
teria, demonstrated that this p-amino acid 
was essential for growth of these bacteria, 
but that these organisms synthesized it when 
supplied with vitamin Be. In the absence of 
this vitamin, the p-amino acid was required 
preformed. These observations had double 
significance: (1) They showed that in certain 
organisms, at least, an amino acid of the 
p-series, namely, p-alanine, was a metabolic 
essential for growth; and (2) that vitamin 


Bs was required for synthesis of this amino 
acid. These authors postulated that p-ala- 
nine arose from L-alanine, and that vitamin 
Be served as a coenzyme (a ‘‘coracemase’’) 
in this process. 

These observations stimulated K. L. Arm- 
strong, G. Feldott, and H. A. Lardy (Proc. 
Soc. Exp. Biol. Med. 73, 159 (1950)) to in- 
vestigate a possible connection between vita- 
min Bs and the metabolism of D-amino acids 
in the rat. Preliminary experiments showed 
that vitamin B,-deficient rats contained sig- 
nificantly less of the enzyme, D-amino acid 
oxidase, than did animals receiving a vitamin 
B,-sufficient ration ad libitum. Further work 
revealed, however, that when control and 
vitamin B,-deficient animals were pair-fed, 
this difference disappeared, 7.e., no specific 
connection between vitamin B, and this en- 
zyme appeared to exist. For further work, 
control animals receiving vitamin Bs were 
pair-fed with the deficient animals. 

Control and deficient animals were next 
transferred to a protein-deficient ration (6 
per cent fibrin in place of 18 per cent). After 
several days, they were transferred to me- 
tabolism cages, and the total intake and 
output of nitrogen measured. All animals 
were in positive nitrogen balance. Suitable 
groups of control and deficient animals were 
given supplements of four p-amino acids 
(valine, leucine, isoleucine, and phenylal- 
anine) by stomach tube, and the effects on 
nitrogen excretion observed and compared 
with those produced by equal supplementa- 
tion with the same four L-amino acids. 

Utilization of dietary nitrogen by animals 
deficient in vitamin Bg was less than that of 
control animals; injection of the deficient 
animals with pyridoxine eliminated this 
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difference. When the supplement of pD-amino 
acids was given, the vitamin Be-deficient 
animals excreted a much greater amount of 
total nitrogen than did animals of the con- 
trol group, and again injection of vitamin 
Bs eliminated this difference. The ‘‘extra’”’ 
nitrogen excreted by the deficient animals 
in response to administration of the p-amino 
acids far surpassed the amount of nitrogen 
in the supplement; 7.¢e., these amino acids 
depressed the level of nitrogen utilization 
to about one-third of the normal value, but 
only in the vitamin Be-deficient group. 

A similar, but much less marked increase 
in nitrogen excretion followed administration 
of the L-amino acids, and this too was elimi- 
nated by vitamin Bs. In this case, however, 
the extra nitrogen excreted approximately 
equaled that given in the supplement; there 
appeared to be no suppression of utilization 
of dietary nitrogen, as occurred in those 
animals given the p-amino acids. Since the 
unfavorable effects of administration of the 
p-amino acids were overcome completely by 


simultaneous administration of pyridoxine, 
it appears that vitamin B, bears some spe- 
cific relation to the metabolism of p-amino 
acids in animals, as it does in bacteria. The 
mechanism by which the vitamin promotes 
utilization of the p-amino acids is, however, 
still unknown. 

The entire problem of the relation of 
D-amino acids to normal metabolism is thus 
once more coming to the fore. The wide- 
spread distribution of the p-amino acid oxi- 
dase, the occurrence (even though rare) of 
D-amino acids in diverse products of natural 
origin, the observation that in some bac- 
teria D-alanine is essential for growth, and 
the observation that both animals and mi- 
croorganisms utilize certain D-amino acids 
by pre-existent mechanisms involving vita- 
min Bg, all suggest some important, though 
so far elusive, role for these compounds in 
general metabolism. Continued investiga- 
tion of the subject is almost certain to yield 
results of importance to an understanding of 
cellular metabolism. 


CHOLINE AND ATHEROSCLEROSIS 


In rabbits, ingestion of a diet high in 
cholesterol has been known for many years 
to produce high levels of blood cholesterol, 
and eventually marked atherosclerosis. More 
recently, the same condition has been pro- 
duced in chickens and in dogs by feeding 
diets with added cholesterol, either alone or 
together with thiouracil (Nutrition Reviews 
8, 74 (1950)). The possible role of lipotropic 
agents, specifically choline, in counteracting 
effects of high-cholesterol diets has been 
given brief mention previously (Ibid. 7, 155 
(1949)). 

L. M. Morrison and A. Rossi (Proc. Soc. 
Exp. Biol. Med. 69, 283 (1948)) reported 
experiments, in rabbits, bearing on this sub- 
ject. Forty-four male rabbits, 3 months of 
age, were individually fed 0.5 g. of choles- 
terol daily with a basic diet of a commercial 
chow for a hundred and eighty-four days. 


At this time, the cholesterol feedings were 
discontinued, and the animals were divided 
into two roughly equal groups. The control 
group (A) continued to receive the chow diet 
with no other supplement, the second group 
(B) received 1.0 g. of choline daily for a hun- 
dred and eighty-five days in addition to this 
diet. At this time, all animals of both groups 
were killed and examined for aortic athero- 
sclerosis. All of the 21 animals of the control 
group A showed this condition in some de- 
gree, a finding in agreement with earlier 
reports (e.g., R. W. Searff, J. Path. Bact. 30, 
647 (1927)) that these lesions do not dis- 
appear spontaneously in rabbits after with- 
drawal of cholesterol from the diet. In con- 
trast, in the choline-fed group B, 17 of the 
23 rabbits (74 per cent) were free of demon- 
strable aortic atherosclerosis. It must be 
assumed that choline had caused reabsorp- 
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tion of the atherosclerotic plaques in the 
majority of these rabbits. The authors cite 
unpublished data which indicate that in rab- 
bits fed cholesterol and choline simultane- 
ously, development of aortic atherosclerosis 
is prevented. 

Extension of the investigation to human 
patients has now been reported (L. M. Mor- 
rison and W. F. Gonzales, Proc. Soc. Exp. 
Biol. Med. 73, 37 (1950)). A group of 230 pa- 
tients suffering from acute coronary throm- 
bosis with myocardial infarction were stud- 
ied. From supplementary data these patients 
were accepted as proved cases of coronary 
atherosclerosis; 115 of them served as con- 
trols and received no supplements to their 
normal diet. Another group covering the 
same age span received from 6 to 32 g. of 
choline daily for one, two, or three years. 
Of this latter group, 14 patients (12 per cent) 
had died after three years, as opposed to 35 
patients (30 per cent) in the control group 
which did not receive choline. 


These figures suggest a significant reduc- 
tion of mortality in coronary atherosclerosis 
in man through choline supplementation, a 
result which is made more likely by the 
positive results in animals reviewed above. 
It is unfortunate that more detailed com- 
parisons of the composition of the diet, oc- 
cupation of the patient, and clinical proce- 
dures used during the three-year follow-up 
period on these patients are not given, to 
permit more accurate assessment of the re- 
sults of choline feeding. 

Although the doses of choline employed 
were large, it is possible that these doses 
could be reduced in regular clinical practice, 
since no attempt to define the minimal effec- 
tive doses of choline were reported. It ap- 
pears likely that the greatly increased in- 
terest in this field and the availability of 
additional experimental animals for study 
of this condition (Nutrition Reviews 8, 74 
(1950)) will permit a closer definition of the 
possible effectiveness of choline in preven- 
tion or alleviation of it in the near future. 


PRODUCTION OF ACUTE MASSIVE HEPATIC NECROSIS IN RATS 
BY DIETARY MEANS 


Massive necrosis of the hepatic paren- 
chyma in rats can be produced by feeding 
diets low in protein and deficient in the sul- 
fur-containing amino acids, methionine and 
cystine (Nutrition Reviews 1, 88 (1943); 2, 
340 (1944)). Attempts to produce these re- 
sults by means of similar rations have failed 
(A. Neuberger and T. A. Webster, Biochem. 
J. 41, 449 (1947); M. V. R. Rao, Nature 
161, 446 (1948)). 

This discrepancy in results has been in- 
vestigated by M. R. Abell and J. M. R. 
Beveridge (Canad. J. Res. (Section E) 27, 
316 (1949)). These authors examined the 
diets employed by the investigators report- 
ing a significant percentage of necrosis, and 
all were noted to contain cod liver oil as a 
source of vitamins A and D; the fat com- 
ponent was relatively low in tocopherols, 


and alpha-tocopherol was not included in 
the supplemental vitamins. All these factors 
were taken into consideration when the auth- 
ors prepared diets for production of hepatic 
necrosis in rats. 

Groups of 10 male rats of the Wistar 
strain, weighing an average of 140 g., were 
offered 8 g. of the test diet per day. The 
surviving animals were examined at necropsy 
after a hundred and five days. Several types 
of diets were employed. The so-called H, and 
H; diets contained identical parts of yeast 18, 
corn starch 27, lard 50, cod liver oil 1, salt 
mixture 3, and vitamin mixture 1. The only 
difference was that in diet H; the lard was 
slightly rancid, the rancidity having been 
produced by irradiation with ultraviolet light 
for two and a half hours. 

Diet A; contained the following parts: 
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-asein 4, sucrose 76, lard 10, celluflour 2, cod 
liver oil 2, salt mixture 5, and vitamin mix- 
ture 1. Diet A; contained casein 4, sucrose 
78, lard 10, celluflour 2, cod liver oil concen- 
trate 0.01, salt 5, and vitamins 1. 

All of the animals subsisting on the Hp» diet 
died before the end of the experiment; 5 of 
the 10 animals showed early acute massive 
necrosis, 3 showed postnecrotic scarring, and 
in the remaining 2 no demonstrable hepatic 
lesions were found. The rats maintained on 
the H; diet also died during the experimental 
period and all presented some evidence of 
hepatic necrosis, 7 showing acute massive 
necrosis and 3 postnecrotic scarring. Four 
of the 10 animals maintained on the A, diet 
displayed necrosis, whereas only one animal 
on the A; diet showed necrosis. 

Acute massive hepatic necrosis was noted 
in the animals that died; the liver was en- 
larged, soft, and friable. Microscopically, the 
acute necrosis Was very extensive and in- 
volved completely many contiguous lobules. 
Throughout the entire sections only a few 
uninvolved lobules were noted. 

These results suggest that acute massive 
hepatic necrosis can be produced rather 
readily in rats by feeding them diets low in 
protein. Others (P. Gyérgy, Tr. Sixth Con- 
ference on Liver Injury, Josiah Macy, Jr. 
Foundation, p. 67 (1947); IK. Schwarz, Z. f. 
physiol. Chem. 281, 101, 109 (1944)) have 
shown that factors other than a deficiency 
in sulfur-containing amino acids are impor- 
tant for production of necrosis of the liver. 
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Tocopherols in the diet decrease the inci- 
dence of this lesion (P. Gyérgy and H. Gold- 
blatt, J. Exp. Med. 89, 245 (1949); H. P. 
Himsworth and O. Lindan, Nature 163, 30 
(1949)). It is obvious, then, that any condi- 
tion which might destroy or inhibit tocoph- 
erols will accentuate the incidence of ne- 
crosis among animals maintained on a diet 
low in protein. Others have shown that cod 
liver oil (C. G. Mackenzie, J. B. Mackenzie, 
and E. V. McCollum, J. Nutrition 21, 225 
(1941)) and also rancid fats (H. M. Evans 
and G. O. Burr, J. Am. Med. Assn. 89, 1587 
(1927); H. A. Mattill, Ibid. 89, 1505 (1927)) 
exert an antagonistic effect on the action of 
dietary tocopherols. 

In the study by Abell and Beveridge (loc. 
cit.) it is obvious that incorporation of rancid 
fat in the H; diet resulted in hepatic necrosis 
in all experimental animals, whereas a simi- 
lar diet containing fresh lard, such as diet 
Ho», produced an incidence of hepatic necrosis 
in only 80 per cent of the animals. Diet A), 
in which cod liver oil was included, resulted 
in an incidence of necrosis of 40 per cent, 
whereas in diet A;, which contained only cod 
liver oil concentrate, the incidence was only 
10 per cent. These observations are sugges- 
tive that any procedure which will inhibit 
the action of the tocopherols will augment 
the capacity of the diet to produce necrosis. 

The authors point out that perhaps failure 
to produce acute massive necrosis of the 
liver in rats by dietary means has occurred 
because careful attention was not paid to the 
details outlined in this study. 


BIOLOGIC ESTIMATION OF VITAMIN A 


Degeneration of nerve tissue of the central 
nervous system in vitamin A deficiency has 
been demonstrated in many studies, starting 
with the early observations of E. Mellanby 
(J. Physiol. 62, litt (1919); Lancet I, 407 
(1919)) on animals fed cereal diets which 
were later found to be deficient in both vita- 
mins A and D. Some of the evidence for and 





against the view that nerve changes are due 
solely to retardation of bone growth in vita- 
min A deficiency has been presented previ- 
ously (Nutrition Reviews 1, 419 (1943); 2, 
279 (1944); 7, 188, 319 (1949)). 

J. T. Irving and M. B. Richards (/. 
Physiol. 94, 307 (1938); Biochem. J. 34, 198 
(1940)) believed that there was a sufficient 
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constaney and uniformity of abnormalities 
in the central nervous system to support 
the conclusion that these degenerative 
changes were among the fundamental mani- 
festations of the avitaminosis. Since the 
lesions were present to varying degrees in 
rats which were still growing and outwardly 
appeared to be in good health, it was sug- 
gested that these histologically detectable 
abnormalities be used as the basis of an 
assay evaluation on the prophylactic effect 
of vitamin A in young rats. Such a method 
has been described by W. H. K. Coetzee 
(Ibid. 45, 628 (1949)). Statistical analysis of 
this eight-week prophylactic assay indicated 
that the procedure was at least as accurate 
as the three weeks’ curative growth test. 

Cereals were avoided deliberately in the 
basal diet in view of the evidence for the 
occurrence in certain samples of wheat and 
rye of toxic substances which cause nerve 
degeneration that can be prevented by vita- 
min A (E. Mellanby, J. Am. Med. Assn. 
96, 325 (1931)). The diet consisted of casein 
17, potato starch 47, arachisoil 14.1, brewers’ 
veast 17.2, and salts 4.7. The arachis oil 
was fortified with vitamin D and its natural 
content of tocopherol was adequate. Litters 
were placed on the diet on the seventeenth 
day and were weaned five days later. Graded 
amounts of vitamin ‘“‘unknowns’”’ and 
knowns (carotene or vitamin A) were ad- 
ministered orally every third day for five to 
six weeks. Tissues were prepared according 
to a modification of the Marchi technic 
which permitted convenient handling of a 
large number of specimens at one time. The 
procedure made possible estimation of var- 
ving degrees of degeneration and gave repro- 
ducible and definite results. Special steps 
were taken to overcome reported objections 
to the Marchi method. 

Maximum degeneration on the deficient 
diets occurred in the funiculus predorsalis at 
the level of or just below the pyramidal 
decussation. The anterior columns were af- 
fected first. As the severity of the deficiency 
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increased, degeneration appeared in the pos- 
terior columns and especially in the columns 
of Burbach and in the spinocerebellar tracts. 
With the object of obtaining a positive curve 
of response, the degree of protection against 
degeneration was used as the criterion of 
response to any dose of vitamin A. The value 
O was assigned to a section of spinal cord 
showing maximal degeneration to indicate 
that there had been no protection against 
nerve degeneration. A section of spinal cord 
with no evidence of degenerated fibers 
received the value of 5 to indicate complete 
protection. For accurate evaluation of the 
degree of protection, the sections from ex- 
perimental rats were compared with a series 
of standard slides which exemplified the vari- 
ous stages of degeneration. 

A sex variation in the minimum require- 
ment of vitamin A was noted. Male rats 
required 50 per cent more of the vitamin 
than females of the same age, a difference 
that could not be explained on the basis of 
body weight. 

The biologic value of a foodstuff as a po- 
tential source of A depends upon its content 
of vitamin A alcohol, of the ester, and of 
several carotenoids. The actual potency of 
the foodstuff depends upon numerous factors 
that influence the stability, absorption, and 
utilization of the several sources of A. The 
correlation between the results of analyses 
by physiocochemical methods and of assays 
of biologic procedures is not entirely satis- 
factory. Conversion factors are calculated by 
dividing the biologic potency by the extinc- 
tion coefficient determined under standard 
conditions. The factors for twenty-seven rep- 
resentative fish oils (nonsaponifiable frac- 
tion) in terms of the present U.S.P. Vitamin 
A Reference Standard were recently reported 
to range from 840 to 2240 (H. A. Ellenberger, 
N. B. Guerrant, and M. E. Chilcote, ./. 
Nutrition 37, 185 (1949)). The two generally 
accepted conversion factors are 2000 (United 
States) and 1600 (England). The data of 
Coetzee agreed with factors of 1600 and 
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1800, respectively, for extinction coefficients 
uncorrected and corrected for irrelevant ab- 
sorption. Similar results were reported by 
R. A. Morton and A. L. Stubbs (Biochem. J. 
42, 195 (1948)). 

Appraisal of the biologic effect of vitamin 
A by observation of its prophylactic action 
in prevention of degenerative changes in the 
central nervous system of young rats is an 
important contribution, especially since it is 
by no means certain that measurement of 
growth is necessarily the most accurate pro- 
cedure for evaluation of a physiologic re- 
sponse. Further study of this problem may 
clarify the disputed question of the relation- 
ship of the pathology of bone and nerve 
tissue in A deficiency. Measurements based 
on the abnormal development of bone tissue 
may be of even greater significance if nerve 
changes are secondary effects. 

The described changes in nerve tissue were 
believed by both Irving and Richards and 
by Coetzee to be primary results of a lack 
of vitamin A. In this opinion, they differed 
radically from the conclusion of 8. B. Wol- 
bach and O. A. Bessey (Arch. Path. 32, 689 
(1941)) and Wolbach (J. Bone Joint Surg. 29, 
171 (1947)). The latter investigators ob- 
served that, in vitamin A deficiency, all 
epiphyseal-cartilage sequences are sup- 
pressed with a resultant cessation in endo- 
chondral bone growth. Remodeling of bone 
ceased and appositional bone formation con- 
tinued at different rates in conformity with 
each local normal growth pattern. This arrest 
in the development of the skeletal system oc- 
curred before the growth rate of the entire 
animal and its other organ systems had been 
reduced. The disproportional growth of the 
skeleton and soft tissues was believed to be 
responsible for the early disastrous effect of 
vitamin A on the central nervous system in 
young animals. The consequences were mani- 
fest by multiple herniation of the cerebrum 
and cerebellum into arachnoidal villi, dis- 
location of the brain as a whole toward the 
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foramen magnum, and herniation of nerve 
roots into intervertebral foramina and into 
the bodies of vertebrae. Routinely, myelin 
sheath degeneration was found in the sci- 
atic and brachial nerves, spinal cord, me- 
dulla, and posterior cerebellar peduncles. 

Three factors indicated to Wolbach and 
co-workers the improbability of finding a 
correlation between the nerve degeneration 
and the deficiency state or the postnatal de- 
velopment of myelination. First, the great 
irregularity of distribution and of degree of 
involvement of the tracts of the spinal cord 
among various animals and within the same 
animal were more suggestive of mechanical 
damage than of primary degeneration. Sec- 
ond, there was no evidence of relation of 
the tracts most constantly involved to the 
order of postnatal myelination in the spinal 
cord of the rat. Third, the axons during 
stages of severe vitamin A deficiency had 
undiminished powers of regeneration. 

It is important to note that the validity 
of the proposed prophylactic assay of Coet- 
zee is not altered whether the myelin degen- 
eration in vitamin A deficiency is a primary 
manifestation of deranged physiology or 
whether it is secondary to mechanical in- 
jury produced by disproportionate growth. 
The fact that nerve degeneration occurs in 
vitamin A deficiency is not doubted by any 
investigators and that graded degrees of de- 
generation are discernible indicate the po- 
tential possibilities of a prophylactic assay 
based on diagnosis of nerve degeneration. 
Possibly an assay based on the cessation of 
bone growth would be even more satisfac- 
tory or, possibly, both histologic criteria 
should be judged simultaneously to produce 
the most accurate results. 

The final answer on whether the nerve 
degeneration-vitamin A deficiency is a pri- 
mary or secondary effect probably cannot 
come from histologic observations. Instead, 
exacting studies of the metabolism of the 
various tissues are more likely to reveal the 
exact sequence of events. 
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MINERAL-ENRICHED MEAT AS A MILK SUBSTITUTE 


Milk, because of its high-calecitum content 
and rich source of many of the essential 
nutrients, is an important food in childhood 
and is considered by nutritionists to be al- 
most indispensable. Not infrequently occa- 
sions arise in pediatric practice which make 
it necessary to substitute other foods for 
milk. I. MeQuarrie and M. R. Ziegler (Pedi- 
atrics 6, 210 (1950)) list a number of such 
considerations. 

In children who are allergic to milk protein, 
other foods must be used. In therapeutic 
procedures which attempt to effect ketogene- 
sis, milk is excluded from the diet. Further, 
it is not unusual for normal children to reject 
milk because they do not like its taste. More- 
over, milk supplies are not available or ade- 
quate in quantity to supply the world needs. 

Replacement of milk in the diet of the 
child may test the ingenuity of the dietitian 
it she is to plan to meet fully the dietary 
requirements of the growing child. McQuar- 
rie and Ziegler (loc. cit.) have approached 
this problem and offer experimental evidence 
to indicate that mineral-enriched meat may 
be a suitable milk substitute. 

Iixperiments were designed which would 
permit comparison of body growth and 
skeletal development of laboratory animals 
(rats) on a milk diet and on a diet of meat 
enriched with calcium and phosphorus. The 
milk diet was fed as a semisolid mixture 
and contained about 38 per cent dried whole 
cow's milk and 15 per cent dextrin. The 
meat diet contained beet providing an 
amount of protein equivalent to that in the 
milk diet. Butterfat, dextrin, calcium gluco- 
nate, potassium phosphate, and magnesium 
citrate were added to provide quantities of 
fat, carbohydrate, and minerals identical 
with the proportions of these materials in 
the milk diet. Daily supplements of the 
various vitamins were provided in like quan- 
tities for rats on each of the diets. Young 
rats weighing approximately 60 g. were 
placed on this diet and fed ad libitum. The 





animals were weighed at regular intervals 
and observations made of the food consump- 
tion, appearance, and activity of each. At 
the end of the experimental period the rats 
were killed and serum was obtained for de- 
termination of calcium, phosphorus, and 
protein. 

The growth rates of rats fed the mineral- 
enriched meat diet were as good as those 
on the milk diet. Actually the mean body 
weight of animals fed the meat diet for six 
weeks was greater. Female animals given 
the milk diet had a mean body weight of 
about 160 g. after six weeks, while the com- 
parable value for female rats given the meat 
diet was nearly 200 g. A similar difference 
was demonstrable in male animals with 
average weights of 180 and 220 g. on the 
milk and meat diets, respectively. The serum 
content of total protein, albumin, globulin, 
nonprotein nitrogen, calcium, and phospho- 
rus was similar and not significantly differ- 
ent at the end of the experiment in the 
groups of animals fed the two diets. 

Calcium and phosphorus had been added 
to the meat diet to provide quantities and 
ratios of these minerals as contained in milk. 
In the attempt to determine whether growth 
acceleration might be achieved by providing 
greater or lesser amounts of either mineral, 
the content of calcium and phosphorus pro- 
vided in the meat diet was varied in other 
experiments. Using the amount of calcium 
per unit of protein as a unit of reference, 
the ratio of calcium to phosphorus in milk 
is 1.36. When the ratio was varied in the 
meat diet, all other dietary factors remain- 
ing unchanged, effects on growth rates were 
manifest. There was acceleration of growth 
with an increase of phosphorus in the diet 


and ratios of caleium to phosphorus less 
than that in milk. This was most marked 
with a ratio of 1.07. After six weeks on a 
diet of this type the mean body weight was 
about 270 g. as compared with 180 g. in 
animals on the milk diet and 210 g. in ani- 
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mals on the meat diet, with a calcium to 
phosphorus ratio identical with that of milk. 
Growth rates were slowest in rats receiving 
less phosphorus and with a dietary ratio of 
calcium to phosphorus of 3.37. These results 
would seem to indicate that the relative 
amounts of calcium and phosphorus in milk 
may not be optimal for growth under the 
conditions of these experiments. Because 
other constituents of the diet influence in- 
testinal absorption of these minerals, it 
would be of importance to determine the 
relative availability of calcium and _ phos- 
phorus in the meat and milk diets. 

The entire carcasses of rats fed the milk 
diet and the diet of mineral-enriched meat 
were analyzed for content of total ash, cal- 
cium, and phosphorus. There were no dif- 
ferences of importance between the mean 
values of these analyses in the two groups. 
Therefore, it was assumed that there were 
no significant metabolic differences in the 
two groups. 

A second type of experiment was under- 
taken in which the milk and mineral-en- 
riched meat diets were compared in 2 
adolescent boys. One of the subjects was a 
12-vear-old boy with progressive muscular 
dystrophy and the other, a 14-year-old boy 
with residual paralysis of the legs following 
poliomyelitis. Each child consumed thé milk 
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diet for three weeks and then was main- 
tained for a similar period on the diet con- 
taining meat enriched with calcium and 
phosphorus. Nitrogen, phosphorus, and cal- 
cium balance studies were undertaken. Each 
subject remained in positive balance for ni- 
trogen and phosphorus and there were simi- 
lar quantities of these elements retained 
daily on both diets. Both subjects were in 
slight negative calcium balance while on the 
milk diet and remained so when fed the 
diet containing meat. There were no changes 
in concentrations of protein, calcium, and 
phosphorus in serum during the period of 
the study. The human studies, while limited 
to 2 subjects, would seem to indicate that 
the mineral-enriched meat diet was of nu- 
tritive value equivalent to that of the milk 
diet. 

These studies suggest that the mineral- 
enriched diet used in these investigations is 
an effective milk substitute in the diet of 
the child allergic to milk protein. Protein 
hypersensitivities are frequently multiple, 
but the dietitian would likely be able to se- 
lect from beef, lamb, or pork a meat to 
which an individual would manifest no al- 
lergy. Also, an advantage is found in that 
the mineral-enriched meat diet is more pal- 
atable than the purified diets sometimes used 
in treatment of food allergy (Vuirition Re- 
views , @ 66 (1949) ). 


TREATMENT OF WEIGHT LOSS IN INFANTS 


Marked loss of weight and emaciation in 
infants (marasmus) may result from a va- 
riety of disorders producing inadequacies of 
intake or absorption of food and/or in- 
creased metabolic requirements. Prime con- 
sideration must be given to discovery and 
treatment of the disease responsible. How- 
ever, treatment may be obviated or ham- 
pered if the degree of body wasting is severe. 
Dietary management is, therefore, of utmost 
importance to prevent further deterioration 
and to make eventual recovery possible. The 


marasmic infant exhibits an intolerance to 
food. Vigorous attempts to provide food in 
adequate quantities may result in produc- 
tion of diarrhea and vomiting which in turn 
may defeat the effort of dietary manage- 
ment. The situation is further complicated 
by defects in intestinal absorption, since in- 
fants with malnutrition may have gastric 
hypochlorhydria and relative pancreatic in- 
sufficiency. 


In the immediate attempt to improve 
states of nutrition in infants with maras- 
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mus, administration of nutrient solutions 
parenterally is an important therapeutic ad- 
junct (Nutrition Reviews 3, 300 (1945)). 
However, this in no way replaces the neces- 
sary attempt to provide an adequate intake 
of food by the oral route. The common 
approach is to provide a dilute cow’s milk 
formula with gradual increase in concentra- 
tion of milk until undiluted milk is fed. Dif- 
ficulties may arise because of intolerance to 
the milk curd in stronger formulas. 

W. F. Young, E. A. Bishop, E. M. Hick- 
man, and Y, J. Williams (Arch. Dis. Child- 
hood 24, 250 (1949)) have attempted to 
develop a formula which would provide a 
protein source greater in concentration and 
more easily assimilable for infants with ma- 
rasmus. To do this, hydrolyzed casein was 
added as a supplement to a dilute cow’s milk 
containing lactic acid and Dextri-maltose. 
Total concentration of protein varied from 
2.5 to 3.5 per cent. Vitamin supplements 
were added. Feedings provided about 100 
calories and 6 g. of protein per kilogram of 
body weight per day. When an infant had 
adapted to this type of formula a more 
concentrated one was provided that allowed 
about 115 calories and 7 g. of protein per 
kilogram of body weight per day. After a 
period of continuing weight gain had been 
established, the infants were finally switched 
to a formula in which whole milk protein 
replaced the casein hydrolysate. 

This program of feeding was utilized and 
evaluated in 58 infants between 2 and 17 
weeks of age, whose body weight was 80 
per cent or less of the expected weight. In- 
cluded in the group were 35 infants with 
marasmus due to inadequate food intake 
associated with pyloric stenosis. A second 
group of 23 infants had marasmus resulting 
from other causes, chiefly infections. Pylorie 
stenosis was corrected by surgical pro- 
cedures. Infants in the second group were 
treated according to indications, many being 
given sulfadiazine and penicillin to combat 
infection. 








REVIEWS [July 


The milk formula supplemented with hy- 
drolysate of casein was well tolerated. In 
only one instance was it necessary to inter- 
rupt the program of feeding because the 
hydrolysate was considered to be the cause 
of vomiting. During the first week of treat- 
ment, infants with pyloric stenosis had an 
average daily intake of 84 calories and 3.9 
g. of protein per kilogram of body weight. 
By the second week the average intake had 
increased to 122 calories and 6.8 g. of pro- 
tein per kilogram, a level of intake which 
was thereafter maintained. In the group of 
infants with marasmus from causes other 
than pyloric stenosis the average daily in- 
take included 100 calories and 4.9 g. of 
protein per kilogram during the first week 
of treatment. This increased in the second 
week to 124 calories and 7.4 g. of protein 
and even to higher levels in later weeks. 

Clinical response to dietary treatment was 
assessed by comparison of body weights of 
marasmic infants with those of normal in- 
fants of the same age. The degree of wasting 
was severe in some infants, one child weigh- 
ing but 50 per cent of the expected weight. 
The rate of weight gain established after 
correction of pyloric stenosis or treatment 
of other disorders exceeded the rate of gain 
in normal infants. 

Serum proteins were determined at the 
initiation of dietary treatment and at inter- 
vals thereafter. There was wide scattering 
of protein concentrations in serum early in 
the disease as well as during dietary treat- 
ment. However, the average values during 
the first three weeks were less than the aver- 
age for normal full-term infants. After this 
interval the majority of determinations dem- 
onstrated levels above the normal average. 
There was a characteristic sequence in 
changes in serum protein in the marasmic 
infants with pyloric stenosis. Initial values 
were higher than those determined one to 
three weeks later, and subsequent increases 
occurred. The fall in concentration is inter- 
preted as having resulted from re-establish- 
ment of hydration and an increase in blood 
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volume (Nutrition Reviews 7, 27 (1949)). 
Concentrations of albumin in serum usually 
paralleled those of total protein and were 
mainly responsible for the fall and rise in 
total concentrations. 

Blood hemoglobin levels were lower than 
the chosen norm in most of the infants 
throughout the course of observation. More 
severe anemia might have been antieipated. 
Only 3 infants had values for hemoglobin 
less than 60 per cent of normal. 

Nonprotein nitrogen in the blood was de- 
termined. Most of the results were in the 
range of 20 to 50 mg. per 100 ml. However, 
oceasional values as high as 90 mg. per 100 
ml. were recorded. The blood urea concen- 
tration was similarly increased in those in- 
fants with relatively high nonprotein 
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nitrogen, indicating that urea production 
largely accounted for elevation in nonpro- 
tein nitrogen. 

The observations described by Young and 
associates (loc. cit.) would seem to indicate 
that addition of a hydrolysate of casein to 
a lactate-milk formula is of likely value in 
more rapidly achieving an adequate dietary 
intake and in restoring weight gain in ma- 
rasmic infants. However, definite conclu- 
sions cannot be drawn because of lack of 
an adequate control that might have been 
provided by observation of a group of in- 
fants fed dilute milk formula without ad- 
dition of hydrolyzed protein. The procedure 
used was apparently effective in quickly es- 
tablishing relatively high levels of caloric 
and protein intake. 


MECHANISM OF NIACIN FORMATION 


Following the demonstration in 1937 (C. 
A. Elvehjem, R. J. Madden, F. M. Strong, 
and D. W. Woolley, J. Am. Chem. Soc. 59, 
1767 (1937)) that niacin and the acid amide 
are effective in curing blacktongue in dogs, 
there appeared evidence for its efficacy in 
human pellagra and for the distribution in 
common articles of food. In the course of 
time it became plain that some species, 
like the rat, could synthesize niacin with 
sufficient speed so that under ordinary die- 
tary conditions the vitamin was not required 
preformed in the diet. 

That such an apparent nutritive equilib- 
rium could be upset was demonstrated by 
W. A. Krehl, L. J. Teply, and C. A. Elve- 
hjem (Science 101, 283 (1945)) when they 
added 40 per cent yellow corn, white corn, 
or corn grits to a niacin-poor experimental 
ration, and observed a consequent depres- 
sion of growth of the young rat. Increasing 
the content of casein in the ration seemed 
to improve the growth somewhat. The dele- 
terious influence of the corn was eliminated 
if either 50 mg. of L-tryptophan or 1.0 mg. 
of niacin was added to the diet containing 


the corn CUxrehl, Teply, P. S. Sarma, and 
Klvehjem, Ibid. 101, 489 (1945)). This ob- 
servation directed attention to tryptophan 
as the source of niacin in the metabolism of 
the rat and to other likely intermediates 
involved in this biosynthesis. 

In 1947, a tryptophanless mutant of Veu- 
rospora was produced by irradiation with 
ultraviolet light; this organism would grow 
if provided with either tryptophan or niacin 
(G. W. Beadle, H. K. Mitchell, and J. F. 
Nye, Proc. Nat. Acad. Sci. 33, 155 (1947)). 
It was observed also that growth occurred 
if kynurenine was provided in the medium. 
Using the same mutant it was later shown 
(Mitchell and Nye, Ibid. 34, 7 (1948)) that, 
of a large series of compounds tried, 3-hy- 
droxyanthranilic acid produced growth of 
the mold. The demonstration was made (D. 
M. Bonner, Jbid. 34, 5 (1948)) that the 
natural precursor of nicotinamide isolated 
from Neurospora filtrates, is identical with 
3-hydroxyanthranilic acid. That this com- 
pound can replace nicotinamide for growth 
in rats has also been shown (Mitchell, Nve, 
and R. D. Owen, J. Biol. Chem. 175, 433 
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(1948); P. W. Albert, B. T. Scheer, and 
H. J. Deuel, Jbid. 175, 479 (1948)). 

Largely because mutant strains capable 
of utilizing 3-hydroxyanthranilic acid and 
niacin but incapable of using tryptophan 
have not been studied, proof of the actual 
participation of the various suspected pre- 
cursors of niacin is not at hand. 

In a recent study (C. Yanofsky and D. M. 
Bonner, Proc. Nat. Acad. Sci. 36, 167 (1950)) 
a mutant has been secured which can use 
niacin, 3-hydroxykynurenine, 3-hydroxyan- 
thranilic acid, and quinolinic acid at high 
concentration, but cannot use tryptophan. 
Furthermore, it accumulates a compound 
similar to kynurenine. This mutant posses- 
ses enzymes which permit the metabolic use 
of the known compounds in the series from 
3-hydroxykynurenine to niacin, but lacks 
enzymes permitting the use of the precur- 
sors of 3-hydroxykynurenine. The mutant 
was grown in large quantities with constant 
aeration on a medium containing niacin and 
after seven to ten days, the filtrate from 
the mycelium was concentrated, the active 
substance purified, extracted with ether, and 
the ether extract chromatographed on filter 
paper. After developing the chromatogram 
with a 1:2:1 mixture of butyl alcohol, pro- 
pyl alcohol, and water, the precise location 
of the biologically active fraction was found 
on the chromatogram by cutting pieces of 
filter containing the spots to be tested and 
placing them on a culture on a plate. The 
spot supporting growth of a control strain, 


but not that of the mutant strain, was 
marked off on the filter paper sheets, cut 
out, eluted with ammonia, extracted with 
hot ethanol, and cooled. Pale yellow crystals 
were obtained; tests for functional groups 
and studies of degradation products indi- 
‘ated that kynurenine is one of the products 
of hydrolysis and that acetic acid is removed 
in the process. In addition, quantitative es- 
timations of acid removed and elementary 
analyses for carbon and hydrogen, identified 
the compound as alpha-N-acetylkynurenine. 

The study of Yanofsky and Bonner (loc. 
cit.) demonstrates that, as a result of a 
genetic block, a derivative of kynurenine 
(alpha-N-acetylkynurenine) is abnormally 
accumulated. Furthermore, experiments 
with N!* and tryptophan have shown that 
this amino acid is the principal source of 
niacin in Neurospora. It appears, therefore, 
that in view of the demonstrated ability of 
Neurospora to synthesize derivatives of ky- 
nurenine, the pathway of formation of niacin 
from tryptophan involves these compounds. 
Furthermore, the parallelism between the 
utilization of intermediate compounds be- 
tween tryptophan and niacin by Neurospora 
and by the rat, suggests that the pattern of 
biosynthesis of the vitamin in these two 
widely different organisms may be the same. 
The possibilities of the use of such organisms 
as Neurospora and particularly the gene- 
adjusted mutants, in solving problems of 
nutritional biochemistry and intermediary 
metabolism, continue to be most promising. 


NUTRITIONAL STUDIES WITH GERM-FREE CHICKENS 


A previous review (Nutrition Reviews 6, 
83 (1948)) described the basic experiments 
carried out by J. A. Reyniers, P. C. Trexler, 
and R. F. Ervin over a period of years, in 
the development of germ-free life studies. 
The initial reports were concerned chiefly 
with germ-free rats and guinea pigs. The 
nutritional requirements of animals that had 
been reared in total absence of microorgan- 





isms were found to be more exacting than 
the requirements of normal animals. Ascor- 
bic acid was required by germ-free suckling 
rats, and guinea pigs fared poorly in the 
germ-free system on diets that were ade- 
quate for normal animals. 

A second monograph (J. A. Reyniers et 
al., Lobund Reports (Univ. Notre Dame) 2, 
1, 119 (1949); Nature 163, 67 (1949)) has 
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since been issued, which extends this work 
to include the chicken. This extension ap- 
pears both logical and desirable. Aside from 
the commercial value and importance of 
the chicken, this species has special virtues 
for these studies. It is easier to maintain 
free from microorganisms, since the egg, once 
sterilized, can be placed directly into a sterile 
environment for the entire life span of the 
animal. Moreover, since the chick feeds it- 
self, rearing of the young is much easier 
than with mammals. 

Early attempts to rear chickens in the 
absence of microorganisms were only partly 
successful. M. Schottelius (Arch. Hyg. 34, 
210 (1899); 42, 48 (1902); 67, 177 (1908)) 
was able to maintain 33 chickens in sterile 
cages on autoclaved diets for periods up to 
twenty-nine days. N. Balzam (Ann. de phys- 
iol. 18, 370 (1937)) increased this period: to 
sixty-eight days. In the current papers the 
successful raising of germ-free chickens for 
over three hundred days is described, in- 
cluding a chick of the second germ-free gen- 
eration. Consideration was first given (J. A. 
Reyniers et al., Lobund Reports 2, 1 (1949)) 
to the general problem of raising chickens 
in an environment which was free from all 
microorganisms. This paper is extremely 
long, and duplicates in large part the general 
information given in the previous review; 
therefore, it will be summarized very briefly 
here. 

A sterile environment for all birds was 
provided through the use of portable steam 
autoclaves, equipped with extra locks that 
could be sterilized separately while closed 
off from the main compartment. The locks 
were used for introducing and _ sterilizing 
food and water, for removing waste, and 
for introducing the eggs into the chamber 
prior to hatching. Handling of these ma- 
terials was accomplished through use of arm- 
length neoprene gloves which were built into 
the units. Glass-viewing ports placed in the 
tops of the units permitted the attendants 
to observe their own manipulations. Weights 
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of all birds were obtained with a triple-beam 
balance placed within the system. 

Eggs were placed into the germ-free sys- 
tems the day before hatching. Sterilization 
was accomplished by scrubbing with a de- 
tergent, then dipping into a | per cent mer- 
curic chloride The 
introduced in small groups into several of 
the units through a germicidal trap of mer- 
curic chloride solution and allowed to dry 


solution. 
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and hatch in situ. The percentage of chicks 
hatched was variable, but usually above 60. 
The percentage of the chicks that were germ- 
free usually ranged from 70 to 100. More 
drastic sterilization of the egg surfaces in- 
the mortality of the embryos. 
Checks upon the sterility of the complete 


creased 


system, including the chicks, were made 
within forty-eight hours after hatching, and 
biweekly thereafter. Both microscopic and 
culturing methods were described. 
Experiments were carried out, first with 
White Leghorn chicks to determine the ade- 
quacy of the autoclaved rations used. A 
practical ration composed of corn meal, 
wheat, wheat bran, oats, alfalfa leaf meal, 
sardine meal, soybean meal, meat and milk 
powders, fortified with vitamins A and D 
and cod liver oil, proved to be inadequate 
to support growth after autoclaving, both 
with normal and germ-free chicks. The de- 
ficiencies were especially marked among the 
germ-free birds, and were reportedly charac- 
terized by voracious appetites, poor feather- 
ing, dermatitis of the feet, lack of growth, 
and high-mortality rate. Fortification of 
these diets with six “B vitamins’ reduced 
the mortality and enabled the experimental 
birds to grow as well as normals. However, 
since neither group grew satisfactorily, these 
diets must be considered inadequate. 
Additional work carried out with 
White Wyandotte bantam chickens (Lobund 
Reports 2, 119 (1949)) using the following 
diet: corn starch, 45 g. per 100 g., lactose 
4, corn oil 6, casein 25, gelatin 10, cystine 
0.2, whole liver powder 2.0, and yeast ex- 
tract 2.0, supplemented with vitamins A, 
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D, KE, K, C, and nine ‘“*B vitamins,” plus 
thirteen salts totaling 4.5 g. This diet, which 
was designated as L-137, was shown not to 
suffer excessive depletion of four “B vita- 
mins” and vitamin A during the sterilizing 
process. 

Although the number of birds under ob- 
servation was small (usually 10 to 12 per 
group at hatching, and dwindling to 2 to 5 
at the end), it was evident from the growth 
curves presented that the germ-free birds 
grew about as well as the normals which 
received the sterilized diet, or the normals 
which were fed a commercial broiler ration 
while being housed in the (unsterilized) sys- 
tems used in these experiments. The germ- 
free birds weighed about 1000 g. at thirty-six 
weeks, compared to about 900 g. for the 
controls. As the authors pointed out, it ap- 
peared that the biologic value of the diet 
was satisfactory even after autoclaving. 
However, their further statement that these 
chickens had attained good growth ‘‘on a 
diet of known composition’’ is meaningless 
in view of the inclusion of whole liver powder 
and yeast extract. The use of these enrich- 
ment mixtures seems merely to insure satis- 
growth the germ-free 
animals, and leaves unanswered the ques- 


factory among 
tion of specific nutrient requirements by 
chickens in the germ-free state. 
Reproductive performance of both con- 
trol and germ-free chickens housed in these 
systems was very poor. Although the au- 
thors stated that cocks from both groups 
showed viable spermatocytes, and that nu- 
merous copulations were observed among 
the birds, only one second generation germ- 
free chick was hatched from 16 eggs set. 
Likewise, only one chick was hatched out 
of 64 eggs from control hens, including those 
that received an unsterilized commercial ra- 
tion fortified with liver and yeast. Incubator 
failure may be suggested by the statement 


that most of the eggs from the control group 
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showed embryos of one to two weeks’ devel- 
opment. However, no mention was made of 
similar development among the germ-free 
group. It is evident that no satisfactory 
conclusions can be drawn concerning the re- 
productive record, and further study is in 
order to determine the cause of these fail- 
ures. The figures in the germ-free group may 
be misleading, since only one hen was used. 
No figures on egg production were given, 
although it was described as sporadic. 

The germ-free chickens were reportedly 
healthy in over-all appearance, with good 
feathering and skin condition, and intense 
coloration of the comb. Histologic and gross 
postmortem examinations indicated that 
they were normal in most respects. The ce- 
cum and small intestine were smaller than 
in the control birds, whereas the thymus 
was enlarged and contained a high concen- 
tration of thymocytes; lymphoid tissue was 
diminished. 

It is evident from the present studies that 
chickens may be raised successfully in the 
absence of microorganisms, through a com- 
plete life cycle into the second generation. 
This achievement duplicates the earlier ac- 
complishments of these workers with rats, 
and is noteworthy. However, the remaining 
problems dealing with the nutrition of germ- 
free chickens appear more complex than 
might be supposed from the authors’ con- 
clusions. They have stressed the point in 
several places in their report that diet L-137 
was of a “purified type,”’ and indicate that 
because good growth was obtained among 
the germ-free birds, they had demonstrated 
the finite end of nutritional factors. The con- 
fident tone of the latter statement is 
probably conditioned by the erroneous clas- 
sification of the above diet; but with this 
realization, it may be expected that further 
work will be forthcoming which will properly 
document these interesting and encouraging 
initial observations. 
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PLASMA LEVEL AND URINARY EXCRETION OF AMINO ACIDS 


Microbiologic determinations of the uri- 
nary excretion of amino acids have empha- 
sized that conjugated as well as free-amino 
acids are present in the urine and that the 
total quantity and pattern of urinary amino 
acids varies with the diet as well as with the 
occurrence of diseased states (Nutrition Re- 
views 6, 6 (1948)). 

The striking effect of ingestion of pro- 
teins of various degrees of completeness has 
been reviewed (Nutrition Reviews 7, 44 
(1949)), and it was noted that on diets de- 
ficient in certain essential amino acids 
(methionine and tryptophan) there resulted 
a considerable decrease in excretion of the 
deficient amino acids but an increase in the 
urinary loss of some of the other amino 
acids. Furthermore, feeding of proteins of 
lower biologic values was associated with 
larger urinary wastage of amino acids (loc. 
cit.). 

Feeding of a protein-free diet or caloric 
undernutrition resulted in a reduction of the 
excretion of urinary amino acids. These ef- 
fects were not the nonspecific result of tissue 
breakdown since the excretion was normal 
in a deficiency of riboflavin, niacin, or thia- 
mine in adult mice, during which period 
there was a loss of weight. Urinary amino 
acid excretion was increased when young 
mice were rendered thiamine-deficient. This 
increase was not so great, however, as in 
the case of the methionine or tryptophan 
deficiency (H. E. Sauberlich and C. A. Bau- 
mann, Arch. Biochem. 20, 305 (1949)). 

Aminoaciduria (excessive quantities of 
amino acids in the urine) is recognized to 
occur in man in the Fanconi syndrome (Vu- 
trition Reviews T, 24 (1949)). This abnor- 
mality is associated with normal blood 
amino acid levels, so that the defect would 
appear to lie in renal resorption of the amino 
acids. On the other hand, in massive ne- 
crosis of the liver in man and other animals 
there occurs an aminoaciduria in association 
with an aminoacidemia (increased level of 


amino acids in the blood). It is of some in- 
terest, therefore, to ascertain blood amino 
acid levels in those experimental situations 
which are known to alter the urinary loss 
of amino acids. B. F. Steele, M.S. Reynolds, 
and C. A. Baumann (Arch. Biochem. 26, 
124 (1950)) have reported such a study. 
The experimental details of the present 
investigation were comparable to the pre- 
viously reported studies from this Wisconsin 
laboratory. Mice were grouped according to 
age, weight, and sex and placed on diets for 
two to fourteen weeks and then three-day 
collections of urine were made from samples 
of 3 to 6 mice. Microbiologic determinations 
made on the mice. 
Plasma from pooled cardiac blood was de- 
proteinized with tungstie acid, the concen- 
tration of specific amino acids determined 
microbiologically, and alpha-amino nitrogen 
determined by a copper method. 


of amino acids were 


The diets employed were constituted of 
varying quantities of protein, corn oil 5 per 
cent, salts 4 per cent, a “complete” vitamin 
mixture, and glucose monohydrate (Cere 
lose) to 100 per cent. The protein fed to 
different groups was (a) 10 per cent of the 
diet as ordinary casein, (b) 50 per cent of the 
diet as ordinary casein, (¢) tryptophan-de- 
ficient (oxidized casein at 10 per cent level 
plus methionine), (d)  methionine-defi- 
cient (oxidized casein at 10 per cent level plus 
tryptophan), (e) completely supplemented 
(methionine plus tryptophan) oxidized ca- 
sein at the 10 per cent level, (f) a protein- 
free ration. 

When the protein-free ration was fed to 
adult mice the plasma amino acid content 
was sharply below (usually less than half) 
the level of the group receiving the 10 per 
cent casein ration. High-protein (50 per cent 
casein) feeding of adult mice did not raise 
significantly the level of any of the plasma 
amino acids. The protein-free regimen was 


previously demonstrated to reduce the 


amino acids in the urine; the high-protein 
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dietary increased the urinary amino acid ex- 
cretion of adult mice by some two and a 
half fold. 

The adult mice fed low-tryptophan or 
methionine dietaries excreted approximately 
10 per cent of the dietary amino acids in 
contrast to the excretion of some 4 per cent 
by the nondeficient mice at comparable ni- 
trogen intakes. Despite these differences in 
excretion, the plasma levels of amino acids 
were comparable for the low-tryptophan, 
low-methionine, and control groups except 
that a reduced plasma concentration of tryp- 
tophan or methionine was found on the 
corresponding deficient diet. 

Under the conditions of these studies it 
appears that lower-than-normal plasma lev- 
els of an amino acid are associated with a de- 
creased urinary excretion of that constituent. 
On the other hand, increased urinary ex- 
cretion of amino acids is not associated with 
an increased concentration in the plasma. 
The latter is a relation similar to that seen 
in the Fanconi syndrome. 
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These studies were extended to mice of 
varying ages, from 4 to 14 weeks. Younger 
animals exhibited an exaggerated excretory 
response when compared with the older ones. 
Feeding of a 50 per cent casein diet was 
associated with a four to fivefold increase in 
urinary amino acid loss over the excretion 
on the 10 per cent protein diet. Older mice 
exhibited but a two and a half fold increase. 
Further, when the diet was deficient in tryp- 
tophan, excretion of individual amino acids 
varied from 14 to 23 per cent in contrast to 
a range of some 5 to 7 per cent for the older 
mice. The explanation of this age difference 
is not clear. It may reflect a less efficient 
mechanism in the kidney of the young for 
the tubular resorption of the filtered amino 
acid, or it may indicate a more limited ca- 
pacity of the young to catabolize amino 
acids. It is suggested that the exaggerated 
response of the young to the lack of trypto- 
phan may indicate a higher requirement of 
the animal for this essential amino acid dur- 
ing the age when rapid growth is occurring. 


RELATION OF DIET TO TUMOR INCIDENCE AND GROWTH 


In a previous review of the effect of al- 
terations in the diet upon spontaneous and 
induced tumor growth in animals (Nutrition 
Reviews 7, 276 (1949)), the complexity of 
the problem was emphasized and it was 
pointed out that one must control not only 
the kind of tumor, the method of induction, 
the species of animal, but also the content 
of calories and of various nutrients in the 
diet provided. Diverse results have been re- 
ported in the past and continue to appear 
in the literature. Furthermore, reduction of 
certain of the nutrients in the diet may lead 
to anorexia and thus alter the caloric intake 
considerably. 

Unquestionably, caloric restrictions will 
not only reduce the rate of growth but also 
the incidence of various types of experi- 
mental tumors, both spontaneous and in- 





duced, in animals. Much of the work on 
this subject has been reviewed by A. Tan- 
nenbaum (Ann. N. Y. Acad. Sci. 49, 4 
(1947)) and by Tannenbaum and H. Silver- 
stone (Cancer Research 9, 724 (1949)). 

The effect of dietary fat upon carcino- 
genesis has shown that tumor formation is 
inhibited by feeding hydrogenated coconut 
oil to rats also given small quantities of the 
carcinogen, p-dimethylaminoazobenzene 
(Nutrition Reviews 6, 217 (1948)). Corn oil 
was not an effective inhibitor. In contrast 
to this, A. Tannenbaum (Cancer Research 
5, 609, G17 (1945)) found that a high-fat 
diet enhanced tumor growth both of spon- 
taneous mammary and benzopyrene-induced 
‘arcinomas in mice. This author believes 
that the effect of the increase in fat was 
over and above that of change in calories. 
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Others have presented evidence that the 
stimulating effect of fat upon carcinogenesis 
was solely by virtue of its greater energy 
value (R. K. Boutwell, M. K. Brush, and 
H. P. Rusch, Cancer Research 9, 741 (1949)). 
These authors studied benzopyrene-induced 
skin cancers. Thus the variable effects of 
dietary fat upon carcinogenesis have not 
been resolved. 

Much experimental work has dealt with 
the role of riboflavin in tumor formation 
(Nutrition Reviews 6, 217 (1948); T, 82, 276 
(1949); 8, 86 (1950)). Hepatoma formation 
in rats fed diets containing p-dimethylami- 
noazobenzene is inhibited by feeding ribo- 
flavin (also egg white and hydrogenated 
coconut oil). Further work demonstrated 
that the azo dye accumulates in the livers 
of the rats and is tightly bound to protein. 
Inclusion of riboflavin in large amounts in 
the diet increased the rate of disappearance 
of the dye from the liver when dye feeding 
was stopped and, during dye feeding, de- 
creased the amount of dye bound. Further 
studies revealed that increases in either ca- 
sein or methionine in the diet increased the 
amounts of riboflavin in the liver and pre- 
sumably had their action in reducing car- 
cinogenesis in this indirect way. However, 
as has been pointed out before, the inhibi- 
tory effect of riboflavin on the formation of 
liver tumors in rats fed azo dye is in contrast 
to the stimulating effect of this vitamin on 
the growth of the Rous chicken sarcoma. 

Further studies of the influence of ribo- 
flavin and also of dietary protein and biotin 
upon tumor growth have been reported by 
C. Voegtlin and J. W. Thompson (/. Nat. 
Cancer Inst. 10, 29 (1949)). These authors 
studied the incidence and rate of growth of 
a transplantable hepatoma which had pre- 
viously been induced by feeding p-dimethy]- 
aminoazobenzene to rats. The diet used 
contained casein, corn starch, dextrose, hy- 
drogenated cottonseed oil, salt, and cod liver 
oil. When the diet contained 400 mg. of 
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yeast per day, growth was only slightly less 
than that which occurred when a commercial 
diet was fed (Purina chow). Other groups 
of animals were fed 300, 200, and 100 mg. 
of yeast or the protein content of the diet 
was changed from 3 per cent to 36 per cent 
with a daily yeast supplement at 400 mg., 
or biotin was added to the diet in amounts 
between 4 and 20 micrograms daily. Because 
there was a variable incidence of tumor re- 
gression in the rats (all rats were young 
growing animals) each animal was used as 
its own control. Thus some hepatomas re- 
gressed while the animal was growing. 

To the daily diet of certain of these latter 
rats, 200 to 3200 micrograms of riboflavin 
were added after a preliminary period of 
about fifty days, and a marked increase in 
the growth rate of the tumors observed, 
without any particular change in the rate 
of growth of the animal itself. Biotin had a 
similar but less marked effect, while com- 
bination of riboflavin and biotin appeared 
to be more effective than either alone. Pre- 
sumably the amounts of riboflavin supplied 
by the basal ration, 17 to 52 micrograms per 
rat per day, were sufficient for the needs of 
the rats, but were inadequate for a maximal 
rate of growth by the tumor. 

These latter experiments reveal clearly 
that riboflavin does not inhibit the growth 
of tumors that have become established in 
the animal, and furthermore, that the vita- 
min may actually accelerate tumor growth 
under certain conditions. The impression 
that riboflavin is anticarcinogenic depends 
upon the results of experiments on tumor 
formation rather than on the growth of es- 
tablished neoplasms. When riboflavin is fed 
with certain carcinogenic azo dyes, the rate 
of development of liver tumors is markedly 
retarded (Nutrition Reviews 1, 247 (1943); 
4, 353 (1946)), presumably because the vita- 
min enables the body to destroy much of 
the carcinogen before it has had a chance to 
act (C. J. Kensler, Cancer Research 9, 565 
(1949); Nutrition Reviews 8, 86 (1950)). 
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NUTRITIONAL IMPLICATIONS OF THE MAILLARD BROWNING REACTION IN 
FOODS 


Solutions of sugars and amino acids or 
protein develop brown to black colors and 
acquire odors when heated. The underlying 
reaction is termed the Maillard or mela- 
noidin reaction. ‘The consequences of this 
reaction in foodstuffs may be to impart un- 
desirable properties to the food, as in the case 
of browning of eggs or fruits upon processing 
or storage, or to impart desirable properties, 
as in the preparation of malt. The chemistry 
of browning is not clearly understood, but it 
appears to involve an interaction between 
the reducing group of the sugar and an amino 
group of the protein or amino acid, resulting 
in 2 reduction in the assayable free-amino 
nitrogen. Other reactions, such as ester for- 
mation and closure of a thiazoline ring, may 
also occur. 

The possible nutritional significance of this 
reaction is indicated by two studies, the first 
of which (E. bk. Melnroyv, H. K. Murer, and 
R. Thiessen, Arch. Biochem. 20, 256 (1949)) 
reports the effect on the growth-promoting 
value of casein of heat treatment in the 
presence of dextrose. Casein was mixed with 
the dextrose solution and autoclaved for two 
hours. The product of the reaction was dark 
brown, tough, and rubbery and contained no 
detectable free-amino groups. This product 
was incorporated in a diet at a level equiv- 
alent in nitrogen content to 10 per cent 
casein. The remainder of the diet consisted 
of fat 6, U.S.P. XII salt mixture 4, a mix- 
ture of vitamins, and corn starch. Isocalorie 
diets of similar nitrogen content were pre- 
pared containing (a) dried unheated 
cusein-dextrose mixture, (b) casein auto- 
claved with water, (c) casein autoclaved 
without water, or (d) untreated casein. 
(;roups of 10 weanling albino rats were fed 
these diets for twenty-eight days. Controlled 
dietary intake was determined by the group 
which consumed the least food in a given 
period exclusive of that group which received 
the *bhrowned”’ product. The food consump- 





tion of this group proved to be so meager as 
to make it impractical to allow it to 
determine the intake of other groups. 

The rats receiving the autoclaved casein- 
dextrose product lost weight rapidly and 
died. Satisfactory growth was supported by 
isocaloric diets containing untreated casein 
or unheated casein and dextrose mixture 
which had been dried at room temperature. 
Very slightly less good growth resulted from 
feeding the diet containing autoclaved 
casein. 

The animals which received the browned 
product exhibited, in addition to weight loss, 
a “pasty-white appearance of the ears and 
feet,”’ a reddish stain over the head, encrusta- 
tions of the eves, and they excreted a black, 
sticky stool. 

The workers hypothesize that the destruc- 
tion of biologic value observed here was due 
to a Maillard (browhing) reaction in which 
“certain essential amino acids so reacted may 
be rendered nutritionally unavailable to the 
animal system.’ They recognize that de- 
amination and decarboxylation are not ex- 
cluded as factors in the changed nutritive 
quality. The slight reduction in growth- 
supporting value of the autoclaved casein 
alone was attributed by these workers to an 
interaction of casein with reducing sugars 
inherent in the casein complex. Others (N. 
R. Eldred and G. Rodney, J. Biol. Chem. 
162, 267 (1946)) have suggested that heating 
of casein results in formation of some type 
of linkage with the epsilon-amino group of 
lysine. 

J. R. Lowry and R. Thiessen (Arch. Bio- 
chem. 25, 148 (1950)) have extended their 
study of the autoclaved casein-dextrose 
product, as well as a similarly prepared 
“browned” material derived from the auto- 
claving of wheat gluten and dextrose. The 
enzymatic digestion in vitro of these prod- 
ucts was studied by suspending the test 
material in the appropriate buffer solution, 
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heating, cooling, and adding one of several 
enzymes (trypsin, chymotrypsin, pepsin, pa- 
pain, or pancreatin) and incubating at 37°C. 
Aliquots were removed at intervals, depro- 
teinized, and the amino nitrogen of the 
filtrate was determined. It was found that 
the reaction product obtained from auto- 
claving either casein or gluten with dextrose 
was resistant to digestion by trypsin and 
papain. The complexes were digestible by 
pepsin, chymotrypsin, and pancreatin. 
Lowry and Thiessen then imply that the 
loss of nutritive value of the protein-sugar 
complex resides in the property of trypsin 
resistance which, in turn, results in a loss of 
digestibility. Attractive as this hypothesis 
is, it must be admitted that the workers have 
not provided evidence that digestibility of 
this product is impaired in vivo. In fact, if 
they are correct in their suggestion that the 
reduced nutritive value of heat-treated 
casein is due to formation of a compound 
analogous to the casein-dextrose product, 
there is evidence that the digestibility of the 
substance is not lowered. Thus in one of the 
very early studies of the problem of the effect 
of heat on proteins it was demonstrated that 
“. . digestibility of the toasted proteins was 
but little different from that of the raw, 
particularly in the older animals, and the 
unexplainable loss of nitrogen occurred 
chiefly in the urine” (A. F. Morgan, J. Biol. 
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Chem. 90, 771 (1931)). Of course, it may be 
that the loss in nutritive value of these vari- 
ously treated proteins is due to more than 
one type of chemical reaction, and that di- 
gestibility is, in fact, altered when proteins 
are autoclaved with glucose. 

M. Pader, D. Melnick, and B. L. Oser 
(J. Biol. Chem. 172, 763 (1948)) contributed 
considerably to this problem by the demon- 
stration that dry heating of casein resulted in 
slowing the rate of in vitro hydrolysis of the 
protein by pancreatin but did not decrease 
the ultimate degree of hydrolysis which was 
attained. The rate at which lysine was lib- 
erated by pancreatic digestion was decreased 
by baking. They suggested, therefore, that 
the poorer nutritional quality of heated pro- 
tein was due to the fact that the lysine was 
liberated too slowly to supplement effec- 
tively the amino acids which are more readily 
split and, hence, absorbed earlier during the 
period of digestion. 

It should not be construed from this dis- 
cussion that all effects of heat on proteins are 
toward decreasing nutritive value. The nu- 
tritional value of soybean protein is increased 
by heating due to the inactivation of a 
trypsin inhibitor, the removal of which 
brings about an increased availability of cys- 
tine and methionine (Nuérition Reviews 5, 
338 (1947); 8, 161 (1950)). 


METHODS FOR DETERMINATION OF TRYPTOPHAN 


An exhaustive study of the conditions 
that influence destruction of tryptophan 
during alkaline hydrolysis, a procedure often 
used in the chemical or microbiologic deter- 
mination of tryptophan, has been reported 
by some workers in the Bureau of Agricul- 
tural and Industrial Chemistry, U. 8. De- 
partment of Agriculture (J. R. Spies and 
D. C. Chambers, Anal. Chem. 21, 1249 
(1949)). 

An alkaline-hydrolysis technic is described 
which protects tryptophan from external de- 


struction when in the free form, when mixed 
with other substances, or when in peptide 
linkage in proteins. Hydrolysis was accom- 
plished with 5 N sodium hydroxide at tem- 
peratures up to 185°C. in an atmosphere of 
purified hydrogen in a nickel bomb. 

The protein samples used for analysis were 
prepared in pellet form to eliminate any 
possible loss during evacuation of the air 
and filling of the bomb with hydrogen. 
Twenty to 50 mg. samples of protein were 
used which yielded sufficient hydrolysate for 
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both chemical and microbiologic assay for 
tryptophan. 
The chemical assay involved the reaction 


_of tryptophan with p-dimethylaminobenzal- 


dehyde in 19 N sulfuric acid solution. The 
transmittancy of the blue color resulting 
from further addition of sodium nitrite was 
measured with a spectrophotometer. Micro- 
biologic assay was made with Streptococcus 


faecalis R. The colorimetric and microbio- 


logic analyses for tryptophan agreed to 
within 5 per cent for eight protein hydroly- 
sates examined: casein, beta-lactoglobulin, 
ovalbumin, conalbumin, edestin, ox muscle, 
arachin, and an allergenic polysaccharidic 
protein of cottonseed meal. 

The colorimetric method was also applied 
to unhydrolyzed or intact samples of the 
sume proteins. A comparison of the results 
obtained by this method with the results 
obtained by either the colorimetric or the 
microbiologic method on alkaline hydroly- 
sates indicated 13 to 32 per cent destruction 
as a result of alkaline hydrolysis. 

The relation of other amino acids to the 
destruction of tryptophan during alkaline 
hvdrolysis was investigated. Of nineteen dif- 
ferent amino acids tested, five were found 
to cause significant destruction of trypto- 
phan: cystine, cysteine, methionine, serine, 
and threonine. These amino acids did not 
destroy tryptophan when the colorimetric 
method was used on the unhydrolyzed or 
intact protein. 

During alkaline hydrolysis, cystine de- 
stroved L-tryptophan only when the hy- 
drolysis conditions were such as to cause 
extensive racemization of the L-tryptophan. 
This would appear to be in disagreement 
with the results of IX. A. Kuiken, C. M. 
Lyman, and F. Hale (/. Biol. Chem. 171, 
551 (1947)) who had observed that cysteine 
protected tryptophan from destruction dur- 
ing alkaline hydrolysis. Spies and Chambers, 
however, interpret their results as not in- 
compatible with those of Kuiken and asso- 
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ciates. Spies and Chambers presume that 
racemization was negligible under the con- 
ditions used by Kuiken and associates. 

The tryptophan destruction by cystine 
could be largely overcome with addition of 
lead acetate to the hydrolysis mixture. Tryp- 
tophan destruction by serine could be pre- 
vented with hydroxyproline or histidine, but 
not by proline. Amino acids in proteins (ca- 
sein, egg albumin, edestin, or ox muscle) 
also protected tryptophan from destruction 
by serine during alkaline hydrolysis. 

It was concluded that peptide-linked tryp- 
tophan in protein is destroyed during alka- 
line hydrolysis by peptide-linked cystine, 
threonine, and serine, and that the degree 
of destruction was dependent upon the com- 
position of the protein. Data to support 
this conclusion were obtained with three 
proteins: subtilin, casein, and beta-lactoglob- 
ulin. Subtilin, a protein free of serine or 
threonine, gave tryptophan values only 7 per 
cent lower, after alkaline hydrolysis, in the 
presence of lead which prevented destruc- 
tion by cystine, than were obtained when 
the analyses were made on the intact pro- 
tein. On the other hand, protein containing 
significant amounts of serine and threonine 
(casein and beta-lactoglobulin) gave values 
about 25 per cent lower following alkaline 
hydrolysis in the presence of lead. 

Predetermined optimum conditions for 
the basic reactions must be established for 
each protein, the authors point out, for maxi- 
mum accuracy with the colorimetric method 
of analysis for tryptophan on intact pro- 
tein. A general procedure was proposed, 
however, based on studies with eleven dif- 
ferent proteins. This procedure can be ap- 
plied where labor and time saved outweigh 
the sacrifice of a small degree of accuracy. 


The most accurate tryptophan values 
(ash-free, moisture-free basis) reported for 
the following proteins were: casein, 1.68; 
crystalline beta-lactoglobulin, 2.57; heat-de- 
natured crystalline ovalbumin, 1.44; heat- 
denatured conalbumin, 3.02; native conal- 
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bumin, 3.10; edestin, 1.60; arachin, 1.11; ox 
muscle, 1.54; zein, 0.072; gelatin, 0.013; CS- 
D4R, 0.99; and CS-S56R, 0.56 per cent. (The 
latter two were allergenic polysaccharidic 
proteins from cottonseed which contained 
6.3 and 35.2 per cent carbohydrate, re- 
spectively.) These values established that 
tryptophan could be determined satisfac- 


torily in intact protein (casein) by the colori- 
metric method in the presence of added 
glucose or fructose. 

Extensive studies of the type reported by 
Spies and Chambers are definitely needed 
and should clarify the many difficulties in- 
herent in establishing accurate quantitative 
methods for amino acid analysis. 


RESISTANT RICKETS 


A deficiency syndrome with clinical mani- 
festations closely resembling those of rickets 
is occasionally observed in infants and chil- 
dren who have received quantities of vita- 
min D usually adequate for prophylaxis. In 
certain instances rickets of this type de- 
velops secondary to diseases of the kidney, 
pancreas, or parathyroid glands. In other 
cases, diseases of these organs are not asso- 
ciated and the deficiency syndrome is cate- 
gorically called resistant, refractory, or 
delaved rickets (Nutrition Reviews 2, 218 
(1944); 6, 79 (1948)). 

S. Freeman and I. Dunsky (Am. J. Dis. 
Child. 79, 409 (1950)), describe observations 
in a case of resistant rickets and they at- 
tempt to characterize the syndrome on the 
basis of their findings as well as by other 
descriptions in the literature. The subject 
was a white girl, aged 33 years. Wherr first 
examined she had signs of florid rickets with 
bowing of the legs, frontal bossae, flaring of 
the ribs, enlargement of the costochondral 
junctions, and thickening of the wrists, 
knees, and ankles. Roentgenograms demon- 
strated osteoporosis and widening of the 
epiphyses typical of rickets. Serum calcium 
was at a normal level, 11.3 mg. per 100 ml., 
while the concentration of inorganic phos- 
phorus in serum was low, 2.6 mg. per 100 
ml. Serum alkaline phosphatase activity was 
10 Bodansky units. Rickets had occurred 
despite intake of vitamin D in infancy and 
early childhood. Administration of cod liver 
oil concentrate was begun at the age of 2 


months. The exact dosage is not recorded 
but it is stated that the quantity adminis- 
tered was increased to 30 drops per day 
during the latter part of the first vear when 
bowing of the legs was first noted. This dos- 
age was continued until the child was 2 vears 
of age, when cod liver oil in a daily quantity 
of 8 to 10 ml. was substituted. At a later 
date vitamin D, and a polyvitamin prep- 
aration were given in lieu of cod liver oil. 
Calcium and phosphorus balances were 
determined on a diet high in these two min- 
erals both with and without supplements of 
100,000 1.c. of vitamin D daily. The amount 
of calcium retained was tripled and phos- 
phorus retention was doubled with the ad- 
ministration of this large dose of vitamin D. 
Loss of these minerals in feces was great on 
the unsupplemented diet. Addition of vita- 
min D decreased the loss about 50 per cent. 
Since it can reasonably be assumed that 
nearly all of the calcium retained by the body 
is deposited in bone and since there is a 
ratio of approximately 2.3 of calcium to 
phosphorus in the mineral salts of bone, it 
was possible to make an assessment of the 
distribution of the phosphorus retained in 
bone and other tissues. When vitamin D 
was not added to the basal diet, about twice 
as much phosphorus was shown to be de- 


posited in nonosseous tissues as in bone. 
However, with the addition of 100,000 L.v. 
of vitamin D to the diet daily, there was 
more phosphorus deposited in bone than in 
other tissues, although the quantity of the 
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mineral distributed in nonosseous tissues 
was increased. 

The influence of vitamin D on the rate of 
removal of phosphate from blood serum was 
studied by determining serum concentrations 
of inorganic phosphate at intervals after in- 
travenous injection of 0.5 molar sodium 
phosphate in quantities of 31 mg. of phos- 
phorus per kilogram of body weight. It was 
shown that the serum level of inorganic phos- 
phorus returned to preinjection levels within 
forty-five minutes when vitamin D was not 
administered. Serum phosphorus remained 
elevated after this interval when vitamin D 
was added to the diet. Evidence is presented 
to indicate that this finding resulted from 
the effect of vitamin D in enhancing renal 
tubular absorption of phosphate. 

The child was treated with large doses of 
vitamin D for a period of nearly four vears. 
Roentgenographic evidence indicated some 
healing of the bony lesions with daily sup- 
plements of vitamin D varying between 
100,000 and 300,000 1.u. With largest doses, 
hypercalcemia occurred and levels of calcium 
in the serum as great as 16.0 mg. per 100 ml. 
were determined. Values for serum inorganic 
phosphorus remained low despite the high 
level of vitamin D intake. The activity of 
serum alkaline phosphatase varied between 
6.9 and 34.5 Bodansky units during the four 
vears of therapy. 

It is pointed out that evidences of healing 
in this case of resistant rickets were obtained 
without correction of all of the metabolic 
defects. Increased absorption of calcium and 
phosphorus from the intestine was demon- 
strated. However, low levels of serum in- 
organic phosphorus persisted during therapy. 


This is explained as being due either to 
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lowered renal threshold or to precipitation of 
phosphorus in bone when the serum concen- 
tration exceeded the solubility product for 
‘alcium phosphate. 

Healing of rickets despite persistence of 
low concentrations of phosphorus in serum 
has been described previously by other in- 
vestigators (G. Stearns and J. D. Boyd, 
J. Clin. Invest. 10, 591 (1931)). The large 
quantities of vitamin D often required to 
effect healing may lead to production of po- 
tentially dangerous side effects. Hyper- 
‘aleemia and the appearance of calcium casts 
in the urine should be sought as premonitory 
evidence of more serious toxic effects. 

The nature of the underlying defect  re- 
sponsible for the occurrence of resistant 
rickets is not known. The syndrome is ap- 
parently not associated with a defect in in- 
testinal absorption of calcium or phosphorus. 
Possible responsible defects may reside in 
renal tubular function, endocrine secretions, 
or in metabolic anomalies which are as yet 
unrecognized. Defective renal tubular re- 
sorption of phosphorus, glucose, and amino 
acids accounts for the clinical picture of Fan- 
coni’s syndrome (Nutrition Reviews 7, 2! 
(1949)). Rickets resistant to treatment by 
ordinary doses of vitamin D accompanies 
this disease. 

Hyperparathyroidism of the secondary 
type seen in simple rickets also accompanies 
resistant rickets but cannot be considered to 
be of causal significance (F. Albright, A. M. 
Butler, and E. Bloomberg, Am. J. Dis. Child. 
64, 529 (1937)). Until further information 
is available it must be concluded that resist- 
ant rickets is the result not of a dietary lack 
but of an intrinsic metabolic defect interfer- 
ing with the normal caleifying action of vita- 
min D. 
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NOTES 


Pathology of Renal Lesions in Chronic 
Choline Deficiency 


Hemorrhagic necrosis of the kidneys due 
(o choline deficiency was described by W. H. 
Griffith and N. J. Wade (./. Biol. Chem. 131, 
567 (1939)) in growing rats. The pathology 
of the kidneys has been reviewed (Nutrition 
Reviews 1, 156 (1943); 4, 345 (1946)). Hyper- 
tension occurred in some animals which sur- 
vived choline deficiency, but only after re- 
turn to a complete diet (Ibid. 7, 312 (1949)). 

The pathologic changes following pro- 
longed choline deficiency have been de- 
scribed by J. J. Lalich, B. E. Kline, and 
H. P. Ruseh (Arch. Path. 48, 583 (1949)), 
using weanling rats of two strains. 

During the first week or two of choline 
deficiency small supplements of choline were 
administered by stomach tube to prevent 
rapid decline and death, and subsequently 
more was given if a sudden fall in weight 
occurred. Twenty-three rats given the cho- 
line-deficient diet for a period of six to nine- 
teen months were studied pathologically. 
They were the animals who either died or 
were killed because they were doing poorly. 
Fifteen controls given 2 g. of choline per 
kilogram of diet were likewise examined 
pathologically. Measurements of arterial 
blood pressure were not made. 

In addition to the renal lesions observed, 
fatty and fibrotic changes were seen in the 
liver, and pulmonary changes were found 
which consisted of severe chronic bronchiec- 
tasis, cystic dilatation of bronchi, multiple 
lung abscesses, purulent bronchitis, and 
often terminal bronchopneumonia. The kid- 
nevs were larger than normal (about two 
times) and a fine granularity of the surface 
was observed. 

On the basis of the histologic studies, the 
authors believe that the first lesion to appear 
was a vacuolization of the cells of the proxi- 
mal convoluted tubules. Casts appeared in 
the distal convoluted tubules and in Henle’s 


loop, which grew in size so that obstruction 
and tubular dilatation occurred. The glo- 
merular tufts became compressed by the 
presence of eosinophilic-staining material in 
Bowman’s space. This was followed by hyal- 
inization and fibrosis of Bowman’s capsule 
and disappearance of the glomeruli. 

The authors felt that it was doubtful 
whether the pathologic lesions observed in 
these animals bore any relation to the pa- 
thology of renal disease seen in man. 


Nutrition in Mexico 


In the recent report of the activities of 
The Rockefeller Foundation for 1949 there 
is an account of interest to nutritionists. It 
is pointed out that one need in contemporary 
life is more and better food for undernour- 
ished populations in areas of low-agricultural 
production. The Rockefeller Foundation and 
the Mexican government together are at- 
tacking this problem on a nationwide scale 
in Mexico. This project represents a co- 
operative venture in a Western Hemisphere 
country, not ravaged by war, but coping 
with climatic contrasts and special physical 
conditions. 

Although predominantly an agrarian 
country, Mexico has in the past suffered 
from a shortage of available cropland, as 
well as from mediocre grain stocks. In the 
joint agricultural program which has been 
under way since 1943, the resources of mod- 
ern science and technology are improving 
both quantity and quality in the output of 
Mexico’s farms. This raising of nutritional 
levels through an expanded agricultural de- 
velopment may be expected to step up the 
whole Mexican economy in years to come. 

In the short space of six or seven years, 
Foundation-appointed agricultural experts, 
working with Mexican scientists, have 
helped Mexico well along the way to self- 
sufficiency in the production of corn and 
other staple foods of the people. The heart 
of the field research program is the central 
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experiment station, with its well-appointed 
laboratories and acres of experimental plant- 
ings, located on the grounds of the National 
College of Agriculture in Chapingo, a few 
miles east of Mexico City. 

Pioneering research at Chapingo, as well 
as in the central laboratories in Mexico City 
and in experimental fields scattered through- 
out the republic, has brought into being 
new kinds of crop plants. New hybrid and 
synthetic varieties of corn and wheat, de- 
veloped by geneticists in conjunction with 
plant pathologists, entomologists, and _ soil 
experts, combine the desirable characteris- 
tics of the best native grains. They introduce 
new characteristics which are important 
both for yield and for disease resistance. 
Not only do these improved varieties give 
a much higher vield than the average native 
stock, they are especially adapted to the 
different climates and soils in Mexico. They 
have been bred to withstand the major plant 
diseases and insect pests so costly to Mexi- 
‘an agriculture in the past. At the same 
time, methods are being worked out to re- 
juvenate exhausted soils by means of crop 
rotation and green manures, such procedures 
being essential for a country where com- 
mercial fertilizers are scarce and expensive. 
Modern farm machinery is gradually replac- 
ing primitive tools to make for greater ef- 
ficiency in tillage practices. 

To round out the program, the Founda- 
tion staff, on the recommendation of the 
Mexican government, have given selected 
young Mexican scientists the opportunity 
to participate directly in laboratory and field 
work. It is expected that in time there will 
be enough of them to take over the pro- 
gram and make it wholly Mexican. These 
men and the new Rocamex grains—named 
for The Rockefeller Foundation and Mexico 
—are the insurance for Mexico’s agricultural 
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future, the insurance for more food and bet- 
ter food for all the people. 

In the meantime, national grain commis- 
sions are distributing the improved seed as 
fast as it can be grown in quantity. Because 
of this policy of immediate practical appli- 
cation of results, thousands of farmers have 
already benefited from the program. Little 
by little they are learning to get more out 
of their land, to improve the national food 
supply. The initial result was that in 1948, 
for the first time in thirty-five years, Mexico 
did not need to import corn. This does not 
mean that Mexico’s food problem has been 
solved. In poor crop years there will still 
be shortages of corn. But certainly a prom- 
ising beginning has already been made and 
additional progress is in sight. 

Although the Mexican Agricultural Pro- 
gram bids fair to raise future standards oi 
the entire Mexican economy, perhaps its 
greatest significance lies in the pattern it 
has set for other areas. It is a demonstra- 
tion of how modern science can harness re- 
sources to meet basic needs. It indicates 
that, given expert personnel, enough capital, 
and good organization, the way may be 
opened for unprecedented agricultural ex- 
pansion in many underfed regions of the 
world. 


Recent Nutrition Books 


Biological Foundations of Health Education. 
(Proceedings of the Eastern States Health 
Education Conference, April 1-2, 1948.) 
Columbia University Press. 1950. Pp. 169. 
Price: $2.50. 


Clinical Nutrition. Edited by Norman Jol- 
liffe, Frederick Tisdall, and Paul Cannon 
(for the Food and Nutrition Board of the 
National Research Council). Paul B. Hoe- 
ber, Inc., 49 East 33rd Street, New York 
16, N. Y. 1950. Pp. 925. Price: $12.00. 
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